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1. 



FUNCnONAUZED POLYMERS FOR SITE-SPECinC ATTACHMENT 

INTRODTirTTON 

Technical Pjyf^ 

The present invention relates to the preparation of fiinctionalized 
polymers. More particularly, the present invenUon relates to reagents and methods 
for the site-specific chemical modification of target molecules, e.g. 
biomacremolecules. particularly biologically important polypeptides, and other 
polydisperse macromolecules such as plastics (e.g., polyethylene or nylon) by 
means of covalent attachment of fimcUonalized polymer., particularly poly^lcne 
oxide polymers. 

Backgrotinri 

Preparations of polyethylene glycol-modified polypeptides have 
reduced immunogenicity and antigenicity and also have a longer lifetime in the 
bloodstream as compared to the parent polypeptides (Abuchowski and Davis (1981) 
"Enzymes as Dr^gs". Holcenberg and Robem. eds.. pp367-383. John WDey & 
Sons. N.Y.). n,ese beneficial properties of the modified polypeptides make them 
very usefi.1 i„ a variety of therapeutic appUcations. such as enzyme therapy. To 
effect attachment of polyethylene glycol ("PEG") to a protein, the hydroxyl end- 
greups of the polymer must first be converted into reactive funcUonal groups This 
process is frequently referred to as "activation" and the product is called "activated 
PEG." Methoxypolyethylene glycol ("mPEG") derivatives, capped on one end 
with a protecting greup and bearing on the other end an electrophUic that is reactive 
towards amines pn a protein molecule have been used in most cases. One of the 
most common fonn of activated PEG used for preparation of therapeutic enzymes is 
methoxy-poly (ethylene glycol) succinoyl-N-hydroxysuccinimide ester (Abuchowski 
et al. (1984) Cancer Biochem. Biophys. 7:175-186). However, one major 
drawback is that ester Unkage between the polymer and succinic acid residue has 
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typically cumulative as derivatization is carried to compleUon. TypicaUy. increasing 
the number of polymers per molecule of polypeptide using the methods above veiy " 
often decreases stericaUy the accessibility of the active site and thus diminishes 
biological activities possessed by the umnodified polypeptide. Polyethylene glycol 
modified TOF-or is a typical example where extensive modification resulted in the 
complete loss of bioactivity (Tsutsumi et al. (1994) Jpn. J. Cane. Res. 85, 9-12). 

In light of the many potential applications of polymer conjugated 
molecules, and particularly in view of the art's focus on PEG-polypeptides. there is 
a need in the art to increase the repertoire of fiinctionalized polymers for use in 
modifying target macromolecules or materials, such as surfaces. Accordingly, there 
is a need in the art for functionalized polymers in addition to functionalized PEG. as 
weU as methods for aUowing one to overcome the disadvantages inherent in and ' 
observed for the current methods of polymer attachment, both for medical and non- 
medical uses. For example, there is a need in the art to provide functionalized 
polymers that are capable of coupling to residues of target molecules, e.g. amino 
acid residues of polypeptides, without drasticaUy altering the charge present on the 
residue or without introducing groups at locations likely to interfere with the 
binding properties of the target molecule, and that are attached through linkages that 
are stable under a variety of conditions, particularly physioIogicaUy relevant " 
conditions. Thus, a need exists for reagents and methods for constructing 
homogeneous preparations, of easUy synthesized macromolecules of defined 
structure having stable ligation Unkages. wherein these reagents and methods 
provide ease, rapidity and mUdness of synthesis; essentiaUy quanUtative yields; 
versatility in design; and appUcability to constniaion using a diversity of 
biochemical classes of compounds. n,e reagents and methods provided in the 
present invention provide meet these needs and others as weU. 

SUMMARY op THTE TNVPKmn^ 
The presem invention provides methods and compounds for site- 
specificaUy, chemoselectively modifying inder mUd conditions a target 
macromolecule. such as proteins, peptides, other organic compounds such as 
plastics, or surfaces containing macromolecules. with an amino-oxy or aldehyde (or 
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present on a fiinctionalized polymer of the invention, reacting the funcUonalized 
taiget macromolecule with the functionalized polymer such that an oxime bond is 
fonned between the first and second functional groups. 

Multi-polymer-containing amino-oxy-fiinctionalized or aIdehyde(or 
ketone)-funcaonalized polymer constructs are also provided that allow site-specific 
chemoselective ligation under mUd conditions of the construct (and thus aU of its ' 
polymers) to a single site on a target macromolecule via an oxinre bond. Families 
of fimctionalized polymer constnicts are also provided wherein each construct 
differ, in topology but not in molecular weight (average) from the others in the 
same famUy. Methods for their use include the systematic modification of a target 
macromolecule to rapidly create a family of target molecules, preferably 
biologicaUy important proteins, differing in topology but not molecular weight, from 
which famUy can be identified macromolecules having desired biological or physical 
properties, such as enhanced pharmacokinetic behavior. The present invenUon thus 
provides methods for systematically modifying the Stokes radius of a target 
macromolecule. which method includes the steps of conjugating a ftinctionalized 
target macromolecule with a series of functionalized polymers of the invention, 
preferably the multi-polymer-containing functionalized polymers, in separate ' 
reactions, and then determining the effect of conjugation on the Stokes radius. In a 
preferred embodiment of this aspect of the invention the pharmacokinetic behavior 
of a target macromolecule is systematically modified. 

Kits are provided with appropriate reagents for carrying out the 
methods of the invention. 



BRIEF DESCRTPTrnM OP t he DRAWT Mn^ 

Figure 1 depicts an SDS-PAGE gel under non-reducing conditions 
showing the migration of conjugates of oxidized 11-8 with different functionalized 
PEG polymers. In aU cases a single derivative was obtained in the conjugate 
reaction. Lanes 1.3.5.7: Result of 20 hour incubation of oxidized IL-8 with 
functionalized AoA-PEG,^. AoA-PEG,^. AoA-PEG,o^. and AoA-N.(PEG^, 
respectively. AoA.N(PEGW: is (PEG,„-CONH(CH^,N-(CH^,-nh.AoA 
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place of the H-lra (also designated herein as "Antril" (from Synei^en. Inc.)) and 
derivatives. TTie dispersion of the means is not unusual in this assay. For clarity, 

the dose-response curves for the three Antril derivatives were plotted separately 
(dotted lines and eixor bars), each time with the same standard curve obtained with 
Antril (solid line and error bars). 

Figures 6A and 6B depict pharmacokinetics of PEG,ou,-Il-lra (Figure 
6A) and PEGMu,-IHra (Figure 6B) in lats, compared with that of unmodified 
n-lra. For clarity, the results with the two derivatives are plotted separately (dotted 
lines), each time with the same set of results obtained for unmodified Antril (soUd 
line). Blood samples were coUected at 3, IQ, and 30 minutes and at 1, 3, 7, n and 
24 hours. Each point nq)resents a single determination with a single animal. In 
case of unmodified Antril. a slow rise in blood levels after an initial decrease could 
be shown between 30 and 180 min. Such an unexpected behavior was not observed 
with other investigated proteins used under the same experimental conditions. 
Animals that showed clear evidence that some or most of the injection had missed 
the taU vein and had been deposited subcutaneously (excessive radioactivity 
remaining at the injection site foUowed by a slow rise in blood levels after an initial 
decrease rather than the usual biphasic. exponential-like decrease) were discarded. 

Figure 7 depicts pharmacokinetics of 11-8, PEG,okB-Il-8, Il-8-PEGj, 
II-8 and (PEGjou,)jLys-Il-8. Blood samples were collected at 3, 7, 15 and 30 
minutes, and at i. 3 and 7 hours. Each point represents the mean value or four 
animals. The dumbbeU and the multiarm constructs appear as the most effective 
conjugates for improving Uie lifetime of 11-8 in the bloodstream. 

DESCRIPTT^M OP <;pi?r THC EMB^ riTMPMTc 

The subject invention provides novel modifying reagents that are 
amino-oxy deri^^tives of polymer, preferably water-soluble polymers such as PEG. 
i.e.. polyethylene glycol. The reagents of the subject invention may be used to 
covalently attach a variety of polymers to target macromolecules of interest. 

An important advantage of the subject invention, particularly in the 
case of biological importont macromolecules such as polypeptides, is that target 
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functionalized target macromolecule. GeneraUy. the PEG or POG (i.e.. 
polyoxyethylated glycerol) molecule is activated or functionalized by attaching the 
reacUve group to a terminal hydroxyl groups and then the fiinctionalized polymer is 
covalently conjugated to an aldehyde group that has been site-specificaUy introduced 
into the target molecule. In sharp contrast to typical previous methods of 
conjugations where conjugation may occur between any reactive amino acids on the 
protein, the reactive amino acid is typically lysine, and lysine is linked to the 
reactive group on PEG or POG through its free .-amino gn,up. the functionalized 
polymer reagents of the invention are site-specifically attached via a stable oxime 
linkage to a single, pre-chosen, site on the target molecule. 

A -target macromolecule" as used herein refers to an organic 
molecule (which includes molecules of biologic origin as weU as organic molecules 
with inorganic components) having a molecular weight of at least 500, more 
preferably of at least 2000. even more preferably at least 5000. most preferably at 
least 10.000. A "functionalized target macromolecule" is a target macromolecule 
that has been modified site-specificaUy to contain an oxime-forming ft,nctional 
group. n,e target macromolecule can be derived from natural, recombinant sources 
or can be synthetic. 

The term water-soluble functionalized polymer reagent as used herein 
refers to a water-soluble polymer modified so as to contain a functional group that 
provides for the site-specific conjugation of the water-soluble polymer to a target 
macromolecule through an oxime linkage. By the methods of the invention, target 
mactomolecules are site-specifically modified to contain a functional group that is 
complementary in oxime-forming reactivity with the amino-oxy or aldehyde 
functional group introduced onto the polymer, preferably at one of its termini (or in 
the case of a bi-fi.nctional polymer-at both of its termini). By providing for water- 
soluble polymer reagents that can be coupled site-specifically to a polypeptide at an 
ammo acid residue, preferably at the C- or N- terminus, it becomes possible to 
conjugate water-soluble polymers to proteins without substantially adversely 
affecting the biological activity of proteins that would be adversely affected through 
multiple couplings at amino acid residues located throughout the protein. 
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polymers of interest preferably have hydroxy groups appended to the polymer 
backbone that are convenient sites for functionaUzation and may be selected from 
known water-soluble polymers including but not limited to: (a) dextran and dextran 
derivatives, including dextran sulfate, P-amino cross linked dextrin, and 
carboxymethyl dextrin, (b) ceUulose and ceUulose derivatives, including 
mcthylccUuIose and carboxymethyl ceUulose. (c) starch and dextiines. and 
derivatives and hydroylactes of starch, (d) polyalklyene glycol and derivaUves 
thereof, including polyethylene glycol, methoxypolyethylene glycol, polyethylene 
glycol homopolymers, polypropylene glycol homopolymers. copolymers of ethylene 
glycol with propylene glycol, wherein said homopolymers and copolymers are 
unsubstituted or substituted at one end with an alkyl group, (e) heparin and 
fragments of heparin, (f) polyvinyl alcohol and polyvinyl ethyl ethers, (g) 
polyvinylpyrroUdone. (h) a,^-Poly [(2-hydroxyethyl)-DL-aspartamide. (i) 
polyoxyethylated polyols. and (j) polynucleoUdes. including deoxyribo'nucleotides. 
ribonucleotides, and their phosphate-backbone-modified derivatives, e.g 
phosphorothioate derivatives. Preferred polynucleotides are those oUgonucleoUdes 
of homology to biologically important polypeptides, preferably of viral or 
mammalian origin, and can include antisense sequences. 

Water-soluble polymer reagents include but are not restricted to 
polypropylene glycol (-PPG"). polyoxyethylated polyol ("POP"), heparin, heparin 
fragments, dextran. polysaccharides, polyamino acids including proUne. polyvinyl 
alcohol (-PVA-). and other water-soluble organic polymers. The water-soluble 
polymer reagents of the subject invention include amino-oxy derivatives of 
polyethylene glycol homopolymen, polypropylene glycol homopolymers, 
copolymers of ethylene glycol with propylene glycol, wherein said homo^xjlymers 
and copolymers are unsubstituted or subsUtuted at one end with an alkyl group 
polyoxyethylated polyols, polyvinyl alcohol, polysaccharides, polyvinyl ethyl ethers 
and «./3-Poly [(2-hydroxyethyl)-DL-aspartamide] and other water-soluble organic 
polymers. U.S. Pat. No. 4.179337; U.S. Pal. No. 4,609.546; U.S. Pat. No 
4.261.973; U.S. Pat. No. 4.055.635; U.S. Pat. No. 3.960.830; U.S. Pat. No. 
4.415.665; U.S. Pat. No. 4.412.989; U.S. Pat. No. 4.002.531; U.S. Pat. No 
4.414.147; U.S. Pat. No. 3.788.948; U.S. Pat. No. 4.732,863; U.S. Pat. No. 
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n»e spacer group X is opaonally present. This invention provides 
fiinctionalized polymers in which the complementary reactive group capable of 
oxime-linkage formation is an amino-oxy group. Preferred is amino-oxy-acetyl 
("AoA"). In fact, additional structure (X or spacer group) can be used which 
connects an aminoK)xy group to the polymer of interest. The spacer group X 
represents a non-reacting group comprising substituted or unsubstituted, branched or 
linear, aliphatic or aromatic groups such as phenyl or C.-C.. alkylene moieties. 
CrC,o allcyl groups, or a combination thereof, or an amino acid chain (such as a 
flexible hinge or loop sequence (see for example Argos, J. Mol. Biol. (1990) 
211:943-958). or a nucleotide chain or a sugar chain or a Upid chain or a 
combination thereof and may contain heteroatoms. In the preferred embodiments of 
P-X-ONH,, X comprises -CH,- or -CHOH-, or more preferably -CO-CHj- or -NH- 
CO-CH,-. For example, in Example 1 below, X is -NH-CO-CH,- in the formula 
for AoA-MPEG: CH,-0-(CH,CH,0)nCH,CH,-NH-CO-CH,-0-NH,. When an 
amino-oxy group is on the fiinctionalized polymer groups present in the additional 
connecting structure (spacer groups) adjacent to the amino-oxy fiincUon are not 
critical; . however, a requirement of diese spacer groups is that they do not interfere 
with the formation of the oxime linkage between the amino-oxy and its 
complementary aldehyde group. They should not react in preference to the 
amino-oxy group with Uie aldehyde, nor provide steric hindrance to the reaction, 
nor deactivate the reactive groups. Where the conjugated polymer is to be used for 
antigenic or immunogenic purposes, it is apparent to one skilled in the ait that 
spacer groups are chosen that are not themselves strongly immunogenic. Where the 
conjugated polymer is to be used for binding purposes, the preferred spacer group 
enhances or at least does not interfere with properties such as binding, avidity, 
product stability or solubility. 

The spacer group X can be chosen to enhance hydrolytic stability of the 
oxime linkage. The hydrolytic stability of oximes is influenced by their structure; 
data indicate that oxime stability increases in the series: 
-CO-NH-CH,-CH=N-0-CH,- ^ -CO-NH-CH,-C(R)=N-0-CH,- < 
-NH-CO-CM-N-O-CH,- < .C^,-CH=N-0-CH,-. Increased oxime stability may 
be obtained with tiie presence of aromatic groups in X. 
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In another embodiment of the invenuon bi- and mum-polymer-containing 
fiinctionalized polymers are provided. Functionalized polymers of these" 
embodiments have the general formulas 

• (P)J.-X-6-NH, 
or 

(P)„L-X-C(R)0 

where P is an organic polymer as defined herein, m is an integer from 2 to 10 
more preferably 2 to 5. X is a spacer group as defined herein. -0-NH, is amini,- 
oxy. -C(R)0 is aldehyde when R is hydrogen, and L is a multi-valent linking group 
to which each P (m in number) is separately and covalenUy linked, and wherein the 
valency of L is at least m+1. When -C(R)0 is a ketone. R is preferably Cl-ClO 
more preferably CI to C4. linear or branched alkyl group. In the aldehyde or 
ketone ftinctionalized polymer, groups present in the X spacer adjacent to the 
aldehyde or ketone ftjnction are not cridcal; however, a requirement of these groups 
IS that they do not interfere with the fonnation of the oxime linkage between the 
aldehyde and its complementary amino-oxy group. They should not react in 
preference to the aldehyde group with the amino-oxy. nor provide stcric hindrance 
to the reaction, nor deactivate the reactive groups. The connecting group does not 
react with other functions present but if designed to do so then does not do so in an 
undesirable way (i.e.. a way which reduces product homogeneity or activity). n,e 
spacer group preferably represents a non-reacting group comprising substituted or 
unsubstituted aliphatic or aromatic groups such as phenyl or C,-C,. alkylene 
moieties, C.-C,, alkyl groups, or a combination thereof, or an amino acid chain 
(such as a flexible hinge or loop sequence (see for example Argos. J. Mol Biol 
(1990) 211:943-958). or a nucleotide chain or a sugar chain or a Upid chain or a 
combination thereof and may contain heteroatoms. Preferably when the oxime- 
forming group comprises -X-C(R)0. X is a spacer group comprising -CH,- -CO- 
or -CHOH. more preferably -C^,-. Also preferred are an aldehyde and sjiacer ' 
compnsmg OHC-CO- or glyoxylyl ("CXL"). 

In additional embodiments of the invention the oxygen atom of the amino- 
oxy group can be replaced with a sulphur atom, in which case reaction with an 
aldehyde or ketone functional group would yield a thio-oxime bond -C(R)=N-S- 
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-,r:Ltr.rzr— ^^^^ 

«^ni group, n IS 2 (see Example 2 or 10 herein^ 
--"Sh X.^^ I , altlXtr 

y long as L provides no steric hindrance to the subsequent oxune 

altvi r ;> y limy I or c,-c,o alkylene mo eties C.-C 

««1J- . Where Ihe polymer conjugate is .0 be nstd for Mii«,„!. » 
" ap^aren. .o one «ed in U,e „ I ^ 

..U. prop««es such binding, avidi,^. p„d„„ 
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or solubility. Linking stnictuies can themselves contain valencies occupied with 
oxime-fonning groups such that parallel assembly via oxime fomation with a 
complementary fimctionalized polymer of the invenUon is employed to assemble the 
(P) J.- stiuctuiB. Accordingly, baseplate structures described in co-pending United 
States Serial Number 08/057,594, 08/114.877, and 08/057,594. and co-pending 
International application PCT/IB94/00093 (which are hereby incorporated by 
reference) are suitable for use as L structures. Tht oxime-forming groups of the 
baseplates can be replaced with other complementary reactive groups; however, 
most preferably oxime formation is used for assembly. For an example where non- 
oxime chemistry is used for (P)JL- assembly, see Example 4 herein where L is 
pentalysyl pepUde (where m is 5) with each lysyl residue contaimng a covalenUy 

attached polymer and the peptide N-terminal contains the oxime-forming group. A 
preferred L structure is derived from a tri-amine compound wherein any two amino 
groups are each available for coupling to a polymer and the remaining amino group 
is available for introduction of an oxime-forming group. A preferred tri-amine is a 
compound of the formula N(R5-NH^3. wherein any two amino groups (-m^ are 
avaUable for coupling to the polymer and the remaining amino group is available for 
introduction of an oxime-forming group, and R5 is a non-reacting group comprising 
substituted or unsubstimted aliphatic or aromatic groups such as phenyl or C,-C,o ^ 
alkylene moieties. C,-C,o alkyl groups, or a combination thereof, or an amino add 
chain (such as a flexible hinge or loop sequence (see for example Argos. J. Mol. 
Biol. (1990) 211:943-958). or a nucleotide chain or a sugar chain or a lipid chain or 
a combination thereof and may contain heteroatoms. R5 is preferably -CH2-CH2-. 
The three primary amino groups are preferably distal to the nitrogen. Most 
preferably the tri-amine compound is tris-(2-aminoethyl)amine. 

As is taught herein a great flexibility is available to one in the art for 
designing and obtaining L-stnicturcs of desired sequence, stnicture, valency, and 
ftinction with spccificaUy placed complementary reactive groups for attachment of 
polymers. Additional methods and compounds, which were developed in the 
laboratories of the present inventors and which are suitable for L-str«cture 
synthesis, are described in Rose (7. Amer. Chem. Soc. "FacUe synthesis of artificial 
proteins- (1994) 116:30-33; incorporated herein by reference). 
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AS discussed hcrdn. bi- and mulU-polyn.er functionalized polymers of 
-|Uon nnd panicul. use . sys_y .od.y., suj^^ 

P perty of that macromolecule. In the case of pham^aceuticaliy unportan^ 

^ taprtfemd ™,bod™«s of ,he invent, .h. fa„cU0Mli«d pol™e„ 
fEG „„B .eHvattvcs a. poly™, backbone. I„ on. JT^, 

^ or a ^h™,. . w an. .as .he su^c. 

Rl-0(R2-0)nR2-R3 
where n is an integer between 5 and 9 nnn do • . 

o. ::;i::v;;:2rrr 
or.ra::~ro:"^^^^-"----- 

R3 comprise an ' °" P"*^-^- group, or (b) both Rl and 

*w,wu, preferably between about 400 and 50 OOn 
-.nabout.OC.and..OOO. TypicaHy the ^ll^^^^^^^^^^ 

PBO is that available f.m (but not limited by) commas::: 1 
-eludes the group consisting of 5000. 10.000. and 20.000. RI or R3 col 

"^"^^ "^"'^ - Unlca e " ' 

complementary aldehyde or ketone functional group on a target J h 
roacromotecule TheoxWf • ^™"P °" ^ ^^et second organic 

- The oxime-formmg group comprises -0-NH, Prefenihi. .k 
oxime-forming group comprises -X-O-NH wher« x • ^ 
herein. Preferably when tL • . ' ^^"^ « 

""''^'^'^'y^''^" 'he oxime-forming group comprises -X-O-NH X i, , 
^cer group comprising -NH-C0-R4- where R4 is a line^ h . 
lower alkyl substituted or . k • ' °' «^yc"c 

alicyl. substrtuted or unsubsututed. preferably CH,. and where R4 is direcUy 
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attached to -O-NH,. A pxDtecUve group is non-reactive with respect to the polymer 
fiinctionalization methods of the invention or the target macromolecules of the 
invention. Preferably the protective group has between 1 and 10 carbons, more 
preferably it is an alkyl group, most preferably it is methyl. Prior to 
functtenalization, preferably PEG has at least one hydroxy group more preferably it 
is a terminal hydroxy group. It is this hydroxy group which is preferably activated 
(functionalized) to introduce a functional group capable of site-specificaUy forming 
an oxime linkage with a complementary reactive group introduced site-speciHcally 
on a target macromolecule. By "lower alkyl" group is meant a CI to CIO. 
preferably C2 to C4, alkyl group. 

In another preferred embodiment of the invention, bi- and multi-polymer- 
containing functionalized polymers containing PEG or its derivatives are provided. 
These embodiments are those bi- and multi-polymer functionalized polymers as 
discussed above, but wherein two or more PEG polymers are attached to a single 
oxime fonning group through individual attachment to the linking structure. The 
bi- and multi-PEG functionalized polymers of the invention fmd particular use in 
systematicaUy modifying the Stokes radius of a polypeptide, which, in the case of 
pharmaceutically important polypeptides, preferably allows systematic modification 
of its pharmacokinetic behavior, and ultimately its therapeutic efficacy. 

More specificaUy. the invention relates to preparation and use of a 
fiinctionalized PEG and dextran: monofimctional MPEG-NH-C0-CH2-0-NH, 
Dextian.O-CH(CHOH-CH,OH)-(CHOH),-CH,-NH-(CH^,-NH-CO-CH,-ONI^,' 
Dextran-0-CH(CHOH-CH,OH)-(CH0H),-CH,-NH-(CH^,-NH.C0-C^,-CHo' 
bifuncu-onal NH.-0-CH2-C0-NH-PEG-NH-C0-CH,-0-NH, and multi-PEGylated 

(PEG),Lys-NH-(CH^,-^ffl.CO-CH,-0-NH,,HO-((PEG)LysV^a-CO-CH,- 
and(PEG-aminoethyl),-N-(CH,),-NH-CO-CH,-0-NH,. 

In a preferred embodiment of the invention, fiinctionalized polymers, as 
taught herein, containing dextran or its derivatives as the polymer backbone L 
provided. In another preferred embodiment the fiinctionalized polymer is a mono- 
fimctional or a bi-fiinctional polymer that contains dextran or a derivative thereof. 
In yet another preferred embodiment, bi- and multi-polymer fiinctionalized 
polymers, as taught herein, containing dextran or its derivatives are provided! 
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embodunents axe those bi- and mu.ti-polyn.er i^ncticnalized polype, as 
2^ -ve. but w... two o. .0. dext^ p.,_ ^ . JI,::,!, 

In another embodiment of the invention methods are provided for • 
^ above h.™g a. l.s, one, p„fe„M, tenninal, r«c«v. 

P«^=r. For example. i„ fte prefer ca,e of PEG or to *Hvaa,e= a .e™,™, 
M.OX,, ,„„p . avaiUMe. s.ou,<, ™„ 0^ one .eacave sroup rprlTr 
^nn Of ..e po„.er ^ „„e, a. bo. o. ^cUve ^ J, 1^^^'^^ 

^«.ona. po„.e, is desire^ , ^ ^ ^- 

n««n.,. Modiflca-ioo » an oWfonni., ca, occr i„ ,e,«„^l 

»»=.her reacuve g^oup U,a, i. ^,ay ,c,U,e<, a ^.0,^^^^.. 
«»««™"8 compound such as B0C-NH-CMM2.COOSL n,. 

Am. Chem. Soc. 101:3394-3396). 

i^P is ""P"""-- » -^i-fonnins 

u muod cad a, each amino ,.ncUo„ b, .=,u.on wi«. BOC-NH-O-O^. 

«)OSU. A=*°W" to Example l,Pe3-NH. was piepanid via tf„fo„.„ . 
o^c.io„sPHO.OH-PHO.C,.pao.N,-pL'«H,a:lt 
P--- a^d, descHbe. (ZaHpsic, e. ... „»3, Bor. Po„m. ..^;'„„. 

In .„o,her embodimen,, bi- or mulli-pol,mer »,m:.io„ali==d pollers a,. 
~ ta, obui^, ,„ , suucn.. ., fei^ mu„i.va,c„e~ 
>»vm, one vaiency p™,e«ed, and .ben ..acUn, «,e p„.ec.ed ^J^^^^ „ 
aPPropna-e, acUva^d M,mer in.rmedU« ^ „si„. 
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known in the art or with a fiincUonalized polymer of the invention via oxime 
chemistry. After isolaUon of the bi- or muW-polymer product, the product is 
fonctionalized according to the invention by deprotection of the protected remainira 
valency of L foUowed by subsequent reacUon. e.g. acyktion in the case of an amin^'o 
group, with a suitably protected-amino-oxy or protected-aldehyde containing 
acylatijig group. After deprotection of the oxime-foiming fiinctional group^he 
final product, the bi- or multi-polymer fimctionalized polymer is obtained. ' 

Alternatively, L Is first derivatized with a suitably protected-amino-oxy or 
protected-aldehyde containing group, the mono-subsUtuted derivative is isolated the 
mono-substituted L derivative is then reacted at each remaining valency with a ' 
polymer intermediate (such as one having a COOH when L contains NH, or an NH, 
group when L contains COOH) or with a fimctionalized polymer of the invention ' 
(when oxime chemistry is used to assemble P to L). For example, MPEG-COOH 
intermediate polymers, which can react with free amino groups on an L-structure. 
are provided. The coupling will take place in the presence of HOBt and DCC. or 
without these reagents if the succinimidyl derivative of MPEG-COOH was 
previously prepared.. After deprotection of the oxime-forming ftmctional group, 
the final product, the bi- or multi-polymer fijnctionalized polymer is obtained. 

When the L group is formed from amino acids, the peptide sequence of an 
L structure can be synthesized by routine soUd phase peptide synthesis ("SPPS"). 
and while the peptide is still attached to the soUd phase PEG-COOH in an activated 
form, such as the N-hydroxysuccinimide ester, can be added to the nascent peptide 
chain. For example, the L structure can consist of a peptide having six reactive 
groups such as five lysine residues and an N-tenninal amine group. PEG-COOSu 
hydroxysuccinimide ester can react with each of the .-amino groups of the lysine 
residues (while the N-terminus a-amino group is left protected). The N-terminal 
amine group of the fi,Uy acylated peptide is then unprotected and the polymer- 
contaimng structure is reacted with a Boc-AoA-containing active ester to introduce 
the AoA group, which after Boc removal and mUd cleavage from the resin, yields a 
pcnta-polymer-containing fimctionalized polymer of the invention. It is noteworthy 
that this method finds particular use with synthetic str^cnires (and perhaps certain 
recombinant products) since these can be designed to exclude additional residues. 
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that can then be reacted with an amino-oxy fonctionalized polymer of • • 
ol-2.an>mo compo^M having „u.iv.ly f,« „uUo„ abou, U» 1 2 bo«l . . 

««du« cona^g apn^ 3„i„„^„„^ 

ciea w,a a Boc-AoA-conuim„g active „ier lo in.rod.ce .he AoA ™,.o 
wh.* after Boo .e.„„vai, ,e,. a pe„..po„.er .„c.io„aii.e<. ^Z,7L 
™. BOC or U» .^icai a.ino-p,o,.c.i„g group. in ^^.e 

""a'" for «a.p,e Creen and W„,s „99„ -p^^,. /J^'" 
^!™l>«,s.- 2nd ed., WUey, New York, NY). P^orsaruc 
Puncfionaiized Biget maciomolecules can be desiened ,nH » 

08/114.877. a«1 08«»7,594. 07/869,06., and 08/241,697, and co-pe™u„. 
^Uonai appUCon PCT/B94,00093 (wHicK are 1^, incorporated b,- 

.so,a«d r.™ na^ra. „„rces. and an oxinre-fomring conrpie^enur, reacUve gronp 
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an aldehyde or amino-oxy group, is site-specificaUy fonned at a desixed location of 
the macioniolecule. 

In a piefened embodiment of the present invention functionalized polymers 
are prepared that are reactive site-specifically with polypeptide compounds, or with 
compounds or materials containing amino acids, in which an amino acid has been 
modified to contain an oxime-forming group specifically reacUve with the oxime- 
forming function introduced onto the polymer. Preferably the N-terminal or C- 
terminal residue of a polypeptide is so modified using methods presented herein. 
Co-pending applications United States Serial Numbers 08/114,877. filed August 31. 
1993; 08/105.904. filed May 12, 1994. as weU as PCT/IB94/0093. filed May 5. 
1994. each of whose contents are hereby incorporated by reference, present 
additional methods for site-specific modification of target compounds, particularly 
polypepUdes by both chemical and enzymatic means, that find use with the 
funcUonaiized polymer compounds of the present invention and methods for their 
conjugation to tai;get molecules as taught herein. 

In the case of a polypeptide, the oxime-forming group is introduced 
preferably at a C-terminal of the polypeptide by selective enzyme catalyzed rcvcne 
proteolysis or at an N-terminal serine or threonine by mild oxidation. (See for 
example Geoghegan ct al. (Bioconjugate Chem. (1992) 3:138-146); Gaertner et al 
(Bioconjugate Chem. (1992) 3:262-268); EP 243929; and WO90/02135, which are 
incorporated herein by reference.) A recombinant or natural peptide may have 
multiple C- or N-termini. such as would occur in a dimer or tetramer, each of 
which can be functionalized. 

The water-soluble polymer reagents of the invention may be used to modify " 
a variety of polypeptides or simUar molecules that have been site-specificaUy 
modified to contain a complementary functional group capable of oxime formation 
with the functional group on the polymer. Polypeptides of interest include: 
antibodies, monoclonal and polyclonal; cytokines, including, M-CSF. GM-CSF, G- 
CSF. stem-cell growth factor; lymphokines, IL-2, IL-3, growth factors, including, 
PDGF. EGF; peptide hormones, including. hGH, erythropoietin; blood clotting " 30 
facton, including. Factor VHI; immunogens; enzymes; enzyme inhibitors; Ugands 
and the like. Polypeptides of interest for water-soluble polymer derivatization by 
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»toble polj^cr d«i«faio„ of e„«uopoi«in (EPO), especiaU, human 

eo*.op.i«ta U of partem,,, 

fa. u>» „^ 

pn«™: V.S. Pa.. No. 4,179337; U.S. Pa,. No. 4,««.5<r,^rt 
N.. 4,2«.S73; Pa,. No. 4,055,635; U.S. Pa.. No. 3,9«^ 83^ „ s 

".414,147; U.S. Pat No. 3,788,948; U.S. Pat No. 4,732 863- U S Pa, H 
^745.180; HP NO. ,52,847; BP98U0„,a„„:,;i,«:^;:, 

A peptide, polypeptide, or protein (used interchangeably herein^ .h»ll 
boo. «^ «^r^, ^ - 

-n-ns ,.™a of ,.. ^ „ ^ 

-,^y «=»nl„, pep,!* or p.,eta ,o aOo. po,..,o„ of ataila, tiojil „ 

occurs or „on-pro,etoo6.„ic amino acid ,«id„« F„«h. 

»^«^nl„,.ar,,a„..oac,d....ca..,o.J::„.:t~ 
or pr.«„, ca. alao co.,ai„ p,o«c.i„, „ ^.^^ 

P-«or.^i„d=sndaUonof*ep.pUde„rp„,^i,^„ . 

7 ' "™ pol„«p.id«, i, b of partcular ,„ „, 

POlJpepUdes for aa dn-ja, a»d (2) polypepUdea for use in assays PoLud. 
^« ^ .«a. iuciude ^.c «... p.„,, 

~u,„ro,e.s, and speoir,c*din8 P,^ i. is i„.Led 

anuDodies. hormone receptors, lectins, and the like. By the tenn -,„»-k a- . • 
1"-^ » inciude poi^iona. and mouociona, a JJ.^": " ' 

~. ^y^'o an..ody d«iva,i«s. and ,Ke Hud- 
™ay be so as » .ejo^ „ of a ^rie, o, Ut.s. 
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radioactive, enzymatic, biotin/avidin or the like. Synthetic antibody derivatives 
include natural immunoglobulin sequences that have been mutated and selected for 
altered binding specificity, various immunoglobulin gene derived polypeptides, 
typically single chain, produced by genetically modified bacteria, antibodies 
modified so as to contain modified constant regions and the like; a review of such 
synthetic antibody derivatives based on the principles of antibody formation is 
provided in Winter and Milstein. Nature. 349:293-299 (1991). An antibody is a 
glycoprotein of the globulin type Uiat is formed in an animal organism in response 
to the administration of an antigen and that is capable of combining specificaUy wiUi 
the antigen. These are also refeired to as immunoglobulins. Antibody fragments 
can retain some ability to selectively bind with their antigen or hapten. The ability 
to bind with an antigen or hapten is determined by antigen-binding assays (see. for 
example, Antibodies: A Laboratory Manual, Harlow and Lane, eds., Cold Spring 
Harbor. New York (1988). which is incorporated herein by reference). Such 
antibody fragments include, but are not limited to. Fab, Fab' and (Fab'),. A native 
antibody is one which is isolated from an animal or from an animal or hybrid 
animal (hybridoma) cell line. 

The teachings herein describing groups present in the additional connecting 
structure (spacer group) adjacent to the aldehyde function or the amino-oxy function 
present on a ftinctionalized polymer appUes to any spacer group present on 
ftinctionalized target molecules as well. 

In one embodiment of the invention, the C-terminus is modified, preferably 
with enzymes that can direct bifunctional reagents with suitable reactive groups 
specifically at the C-terminus in polypeptides or proteins (e.g. antibodies). The 
carboxyl termbus of a polypeptide chain is. at least in terms of primary structure, 
in most cases for from tiie active site of a protein. In another embodiment of the' 
invention, use is made of the fact that specific bifunctional reagents with suitable 
reactive groups preferably or specifically react at non-carboxy terminus sites of a 
polypeptide molecule. In a most preferred embodiment, the amino terminal group 
is the site-specific target after reaction to activate the N-terminal site on a peptide. 
In a preferred reaction. N-terminal serine ("Ser") and tiireonine ("Thr") residues are 
oxidized in an exceedingly mUd reaction with periodate (e.g. 20»C, 26 /.M protein. 
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4"w, or, in appropnate cases, by selecting a «n„«.,. «p.u 
Which has a «itunl Ser orTT. n .e J . 

reaction is the use of tm««™- P°^^ ^ ^er orTTir. A second preferred 

use or tiansaminauon to convert an N-terminai r 

■^o^^ Pn».uc^ 1, polyp W N.,.n„|^ ^ 

re wh«* B conjugal „ a, ^ ^ ^ ^ 
«Knl>e<l sttncOiTO >ie ths foUo»mg: ^' 

a^ONH.(CI«WJ-(CHJ,.NHCO.CH..O.NH, 

PEG-l.,s(PBG).NH-(CH),-NHCO-CHrO.NH, 
B:N-0-pa,.CO.(Lys(PEG)), 

'"'^'"•a^inoo.yUEcn also be a».ch«,s„»^.p „ 
' smgte 5itt to a preiein (Example 14, ,hp „„, . »»-speoflcally al 

* aKfd„dic fcncta, e.j. ,HK..c^.c„o 
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or PEG-NHCO-C,H«-CHO. as described in Example 12. which can be obtained by 
reacting, for example, amino functionalized PEG with carboxy(benzaldehyde)OSu. 

In the same way, a polyaminooxy tag can be introduced at a single site, in 
order to obtain a multiarm-conjugate, as it is shown in Example 18, with CHjN- 
OCHj-CONH(CH^j),N and PEG-CHO. 

In less preferred embodiments, the site-specific target is a side-chain group 
of a polypeptide not necessarily non-tenninal, preferably an amino acid residue 
present at a single copy or otherwise preferenUally available and sensitive to 
modification. AltemaUvely, a unique residue may be introduced by recombinant 
methods. TTie side-chain group may be fint modified using method taught herein to 
put in place a rcactivfc group (aldehyde, keto or AoA) that will subsequenUy 
specifically react with a complementary reacUve group on a fiincaonalized polymer 
(e.g. AoA or aldehyde). 

In another embodiment of the invention, a target macromolecule, 
particularly a polypeptide, is modified site-specificaUy at a location other than at its 
termini. Modifications to the primary structure itself, by deleUon, addition, or 
alteration of the amino acids incorporated into the sequence during translation, can 
be made without destroying the activity of the protein. Methods for making such 
modified proteins, known as "muteins". are described in U.S. Pat. No. 4.518,584 
issued May 21, 1985, and U.S. Pat. No. 4,752.585. issued June 21. 1985. both are 
hereby incorporated by reference, and are weU-known in the art (see Current 
Protocols in Molecular Biology, ed., Ausubel (1994). Greene Pub. Associates and 
WUey-Interscience, J. Wiley, Ne:w York, NY; all volumes of which are hereby 
incorporated by reference). For example, at least one amino acid residue which is 
not essenUal to biological activity and is present in the biologicaUy active protein 
can be replaced with another amino acid which is amenable to subsequent site- 
specific modification to create a fiincUonalized target macromolecule of the 
invention. 

* 

Polymers functionalized with a hydrazide group can also react with the 
specifically introduced aldehydic or keto group, to form a hydrazone linkage. 
Though this bond is known to be less stable than the oxime bond, especiaUy under 
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addicco^auons,!, Should be of i„,e^i„„„ 

taveu, be released hteri, vivo. ^ «^ "bra the jroein 

■T'na. macromotale pol,pep,id« can be produced by a .rofc,™ .• 
■»«~m ,r a e„tar,„«c u,a, has been Jsfor.^ 
r^-"--'".I>NA^.e„ce,prererabrot:l'^^" 
^« Of occurr., pol^odes, whe^ suLlITCf «*o 

a«d sequchces bas been ™aie.i„ed (I.e.. .He se,ue.ca are .denOcT^ /IT 
- or More a„a„o acid al,e„do„s (deleUons, addidons, subsUl^Z) ^1 
cause a subsUnUall, adverse fi,„cdo„,l dlsstailarily berleenT 
""-^ P^oln a.d ..ve pro^b.) are use^l ^ 

h cmbodtaem of u,. present invcndon are provided a ^ . 

™™mo.«.le nodifled by a polymer reagen. molecule i e 1!^ 

"---a"-- P".y»cr amino^xy r aldebytl^rso 
cova^Uy bonded „ one or more water-soluble XZTJZ^:, "° . 

polymer conjugates.- As discussed above prefenblv ,h, ■ 
...P^.«o.epreferablyapolypepUde:::::Zi:^^^^ 
In a preferred conjugate embodiment is provided a Dolvn^,-^ 

«Uh.a..s„,„blepolymerPHaori.deHvaUv:via::::X= 

dcscrtbJ^ '^""^ '"^'■^ ".acromolecules 

d«cnb«. above modified by „=acdo„ .id, .he ft.ncao«Uia«l polyme^t^T , 
"lescnbed above wheieiii„n,„ . Polymers molecules 

conjugates arc represented by formulas / w 

« an organic polymer, preferably water soluble, as descril^ h^^^: " ' 
fiinctionalized target macmm i , ^ represents a 

arget macromolecule, preferably a polyneDtide « -u . 

n. -Piesents an .integer in the range 2 to 10 X anrr! . ^ 
and -C(R)=N-0. u • ^ ^ and L and R are as defined herein 

^W-N-O- ,s an oxune bond. R is oreferablv H t> . 

»N..e.mh. residue ofapolypep^dewrricoLTj^^^^ 
c^ony, by .ransaminaUon. Prefcbly m is U.e range ofZ^^ToT 
0-.05beb,pa..cUr.,preferred. P^hl, B . a polype^ 
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pnsferably P is covalenUy joined site-specifically to a functionalized N- or C- 
tenniaal residue on B. In additional embodiments of the invention the oxygen atom 
in the oxime bond of the formulas is replaced with a sulphur atom to obtain a - 
C(R)=N-S- thio-oxime bond. 

Individual functionalized target macromolecules can be derivatized by one 
or more different water-soluble polymers by means of reaction with different 
embodiments of the polymer compounds of the invention. Individual target 
macromolecules can be modified with multiple water-soluble polymers at a single 
site when m is greater than one. Preferably P is a polyalkylene glycol or a dextran 
derivative. 

Biological activities of proteins modified with PEG or dextran polymen are 
preserved to a large extent as shown by the Examples below. 

Salts of any of the macromolecules described herein, e.g., polypeptides, 
water-soluble polymers and derivatives thereof, will nattirally occur when such 
molecules are present in (or isolated from) aqueous soluUons of various pHs. AU 
salts of pepUdes and other macromolecules having the indicated biological activity 
are considered to b^ within the scope of the present invention. Examples include 
alkali. aUcaline earth, and other metal salts of carboxylic acid residues, acid addition 
salts (e.g., HCl) of amino residues, and zwitterions formed by reactions between 
carboxyUc acid and amino residues within the same molecule. 

As will be readily 

appreciated in light of the present invention, homogeneous polymer conjugate 
compositions can be comprised of homo- or hetero-polymers. As discussed in the 
remainder of the appUcation, when a heterobi- or heteromulti-polymer 
fimctionalized-polymer is attached to a target macromolecule not aU of the polymer 
molecules attached at the single site will be identical with respect to chemical type 
or MW(av), nevertheless the composition can be homogeneous as defmed herein. 
For example, step-wise assembly of polymers onto a linking structure ("L") (see co- 
pending Um-ted States Serial Numbers 08/057,594, 08/114.877. and 08/057.594, 
and co-pending International appUcation PCT/IB94/00093, which are hereby 
incorporated by reference) allows the introduction of different polymers at each step 
to create a homogeneous composition of a heteio-polymer. 
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pH for a specific oximation reaction, taking into account pH stability of the 
molecules during the period of the oximation reaction. OximaUon due to 
chemoselectlve Ugalion of the complementary chemical groups results rapidly and 
essentially quantitatively in the formation of a homogenous preparation of a oxime 
conjugate of defined structure when the AoA and GXL pair are used. 

Oxime-forming complementary chemically reactive groups can be attached 
in either a protected or an unprotected foim. Methods to attach an oxime-formino 
complementary chemically reactive group to a target macromolecule include 
attachment through a chemically reactive side chain group. For example an 
oxime-forming complementary chemicaUy reactive group can be attached to a 
cysteine-containing target macromolecule via the S atom by allcylation or disulfide 
formation. Then upon oximation to a functionalized polymer having an aldehydic 
function the target macromolecule is attached via its Cys residue through a thioether 
link (or disulfide bond) and an oxime link to the polymer. Preferred alkylating 
compounds are alkyl halides having an atuched AOA group. SpecificaUy preferred 
are those having a BOC protected amino-oxy group preferably an AoA group 
Preferred are Br-CH2-CO-NHCH2CH2NH-CO-CH2-0-NH-Boc. where the AoA 
group is protected and can be removed prior to an oximation step and 
Br-CH2-CO-NHCH2CH2NH-CO-CH2-G-NH, Another alkylating reagent is Br- 
CH,CH,CH,NH-COCH,ONH-Boc. The bromoacetyl group is much more reactive 
for alkylation of the thiol group of. for example. Cys residues. Less preferred is 
the iodoacelyl group because it sometimes is too reactive and may be lost by 
photolysis. Other alkylating groups, in addition to the bromoacetyl group, include 
the maleoyl group. As taught herein, linkers for protein modificaUon usiiig this 
group are exemplified as AOA-Lys(maleoyl-beta-alanyl)-OH and maleoyl-beta- 
alanyl-NHCH,CH,NH-COCH,ONH, Although the maleoyl group is useful for 
makmg macromolecular conjugates, it is known to have serious stability problems 
(hydrolytic opening of the ring) and so is less suitable for making homogeneous 
polyoximes. Furthermore, alkylation involving the maleoyl group gives a linker 
which is more dgid and bulky than the link formed by aUcylation with the 
bromoacetyl group, and is thus more visible to the immune system. A preferred 
linker for in vivo appUcation is one against which an immune response is not 
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2*)rHi„.S.^CH2CH2NH^O.CH2^NH-Boca„d 
^yH.„.S.S-CH2CH2NH-CO-CH2-0-NH.. The^„,u„, c,.eo„^. 

::.-t;r— ^^^^^^^^ 

Hie oxune-Iirfced polymer-conjugates and the polyoxime based 
polymer funcUonali2edDolvine«nf»h.- y°^e based mulu- 

polymers of the invention have several n^„«i 
One novel chaiactemtic is thM .h. • characteristics, 

naracteiuuc « that the pieparations are homogeneous. n,e oxime- 

target maciomolecule n,- » . the polymer and 

to on. .smbodimen. of ,he i„v=„Uo„. ,he „e,hod of co„j.«,io„ k 

discussed above thi.«v5«„.- resiled conjugate. As 

above, the oximauon reaction can occur over a wide xange of pHs. 
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preferably acidic to about pH2, more preferably less than about pH 5, particularly 
when rapid formation is desired. More preferably, the pH is less than 4, most 
preferably about 3.6. The oximaUon reaction is compatible with lower pH values 
when it is necessaiy for maintaining target molecule stability or solubility. The 
reaction temperature is preferably room temperature, but can be adjusted to meet 
the specific needs for stability and solubility of the target macromolecule. The 
reaction time is between 10 minutes and 72 houis, more preferably between 3 hours 
and 48 hours, and most preferably between 6 houn and 24 houn. Hie 
fiinctionalized polymer is in molar excess to the functionalized target 
macromolecule, preferably between about 3-fold to 20-fold molar excess, more 
preferably between about 4-fold to 15-fold, and most preferably between'about 5- 
fold to 10-fold molar excess. 

The funcUonalized polymer is preferably dUuted in aqueous, preferably 
buffered, soludon at acidic pH. Acetate. O.IM, pH4.6 is a preferred solution. 
OptionaUy. a chaotropic agent is present in order to aid in accessibility of the 
functional group of the target macromolecule to the funcUonalized polymer. A 
preferred agent should be inert to the oximation reaction, inert to both the polymer 
and target molecule, and will not prevent the return of biological activity (if it was 
affected by the chaotropic agent) when removed from the final product. A 
preferred agent is guanidine hydrochloride ("GuHCl"). preferably at about 1 to 8 
molar concentration in the final reaction, more preferably about 4 to 6 molar 
concentration. If the aminooxy derivaUve is not soluble in water, the conjugation 
reaction can be performed in the presence of an organic solvent. The solvent, and 
its concentration, should not irreversibly interfere with the biological activity of 
interest of the target macromolecule. Suitable solvents are weU-known in the field. 
For example, for certain poorly soluble peptides, up to 50% acetonitrile can be used 
for coupling. 

If desired, the polymer conjugate can be purified from the reaction mixture. 
There are many purification methods that are icnown to those of ordinary skill in the 
art such as size exclusion chromatography, hydrophobic interaction 
chromatography, ion exchange chromatography, preparative isoelectric focusing, 
etc. One particulariy preferred method is to combine a size separation method with 
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- «ch»ge. « us. se. No. 253,708. which . he.., h„^l^ ' 
ta>„«og„phy Which ,i^i„,^ ^^^^ ^^^ ^ ^ -tas™ 
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m. «-«.n^es of .ess than about 3 hours are achieved. IfdesUed L 
^^ercnjugate is isoiated as descHbed he^. The reac«o„ te^peratLris 

preferably about O'C to avoid freeing to beiow whatever 
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fold to 25-fold. The molar raUo of target molecule to periodate is preferably in the 
range of about 1-fold to about 6-fold, more preferably about 2-fold to 4-fold. In a 
specific embodiment. Il-8:NaI04:AoA was approximately 1:4.10. 

To determine which 

fractions contain the desired conjugate, the fractions can be screened against various 
standards. Preferred screening methods include SDS-PAGE. isoelectric focusing, 
bioactivity, and pharmacokinetics. 

Once it is known which fracdon contains the desired conjugate, those 
fractions may be further purified. 

For example, the polymer/protein conjugate mixture can be fracUonatcd 
with the size exclusion chromatography column, the fracUons coUected. then run on 
an SDS-PAGE gel to determine which fractions contain the desired polymer/protein 
conjugate. Then, the fractions of interest may be further purified by contact with 
the ion exchange chromatography, the fractions coUected. and analyzed by 
Isoelectric focusing to determine which fracUons have the desired polymer/protein 
conjugate. Before the polymer conjugate mixture is subjected to chromatography, it 
can be inidally prepared by removing impurities. For example, salts and chaottopic 
agents can be removed with preparatory columns, or can be dialyzed against 
appropriate buffers. 

Once the polymer conjugate is purified it can be tested for bioactivity using 
methods known in the art. 

According to a preferred embodiment of the present invention, protein and 
other organic target macromolecules may be chemically modified by conjugation to 
water-soluble organic polymers such as polyethylene glycol (PEG). The producUon 
of such protein conjugates is of interest because of the desirable properties 
conferred by the attachment of the water-soluble polymers. These desirable 
properties include increased solubility in aqueous soluUons. increased stability 
during storage, reduced immunogenicity, increased resistance to enzymatic 
degradation. compatibUily with a wider variety of drug administration systems, and 
increased in vivo half-life. These properties that are brought about by the 
derivatization of polypeptides with PEG or other water-soluble polymere are 
especiaUy of interest when the polypeptide is to be used as a therapeutic agent 
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mjected into the body or when the polypeptide is to be used in assays. usuaUy 
unmunoassays. for the detection and/or quantification of a compound of interest 

Naturally, the utiHty of the funcdonalized polymers of the invenUon extends 
to pr^ant«,n of polymer-conjugates of low molecular weight peptides and other 
~ that contain or are modified to contain a iuncUonal group complementary 
U that OQ the polynusr. 

Non-pBdical uses of funcaondized polymer, panicuUily PEGylaW 
pr«e™ incU.de lh.p^u„„ ot polypepOdes for assays, e.g. ^^o....^ 

surface T t.""""^ - » a »M Pfc«e. «Kh as L 

»*ce of a sa«„ Chip, a .issue „ ^^^^ ^ ^ ^ 

n>»nl «s™. One ca, chcmoselecttvely ligatt a funcionalized poly„,e, „ . solid 
Ptase Um»,th use of complement,, ft,„^^ j,^^ ^ 
pnase. 

Aa demonsttaled hen=i„. ,^ fi.„cUonalizcd po.ymen useful ,o ■^™,or 
tte a^pe,^ disappea^ce) of a fi-ncfloaa. g^p on a ■a.ge. macromolecuie 

or solid phase. 

After the polymer conjugaB is produced and puriTied it may be 
««»POn.«l i«o a phannaceuUcal composition .hen target maeromolecules 
beleved to be therapeuUcaUy effective for human and veletinary uses such as 
cancer then^y and the t,eatm«„ of infeaious diseases have been usci, 

»y«olecu.,.hich,whenadmb.steredtoananhna,,p,e.en,s'<:^:::r'^ 
or ^ or allevutes a d^se su,e ^ the ardmal. ^peuUc agents may 
■"cKtde. but are not limit«i to. antitumor andbicics. aotivi.^ p,otei« 
ndioisotopes. pharmaceuticals or a toxin. 

TlK polymer conjugate can be formulated in a nontoxic, inen 
Pharmaeetmc,, acceptable a,„eous carrier medium. A -phartnaceutially 
"ccepuble canier- means an, of the standanl phannaceutical caniers. such as a 
phosphate buffeted saline solution, water, or emulsion, such as a. „i„..,er 
«uU,on; potentiaa, including various types of wetting agents. po„„„ 
conjugate can be fonnulated in a nontoxic, inert. pharmaceuUcall, 
«^ carrier medium, preferabl, at a pH tanging from 3 to 8, more ptefetabl. 
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nuiging from 6 to 8. When used for in vivo therapy, the sterile polymer conjugate 
composition will comprise protein dissolved in an aqueous buffer having an 
acceptable pH upon leconstituUon. The polymer conjugate can be formulated with 
a number of excipients such as amino acids, polymen, polyols, sugar, buffers, 
preservatives, other proteins, etc. Specific examples include: octylphenoxy 
polyethoxy ethanol compounds; polyethylene glycol monostearaie compounds; 
polyoxyethylene sorbitan fatty acid esters; sucrose; fructose; dextrose; maltose; 
glucose; dextran; mannitol; sorbitol; inositol; gaJactitoI; xylitol; lactose; trehalose; 
bovine or human serum albumin; citrate; acetate; Ringer's and Hank's solutions; 
saline; phosphate; cysteine; arginine; carnitine; alanine; glycine; lysine; valine; 
leucine; polyvinylpyrrolidone; polyethylene glycol; etc. Preferably this formulaUon 
is stable for at least 6 months at 4»C. 

As a composition, it is parenlerally administered to the subject by methods 
known in the art. Administered means providing the subject with an effective 
amount of the compound or phannaceutical composition. Methods of administration 
to an animal are weU known to those of ordinary skill in the art and include, but are 
not limited to, oral, intravenous, transdermal, and parenteral administraUon. 
Administration may be effected continuously or intermittenUy throughout the course 
of other treatments. Methods of determining the most effective means and dosage 
of administration are weU known to those of skiU in the art and wiU vary with the 
compound or composiUon for treatment, the purpose of therapy and the animal or 
patient being treated. This composition may contain other compounds that increase 
the effectiveness or promote the desirable qualities of the particular target 
macromolecule portion. TTie composition must be safe for administration via the 
route that is chosen, sterile and effective. To maintain the sterility and to increase 
the stability of a polymer conjugate, the composition can be lyophiiized and 
reconstituted prior to use. 

Preferably, the formulation is suitable for parenteral administration to 
humans or animals in therapeuticaUy effective amounts. These amounts may be 
determined by the in vivo efficacy data obtained after precUnical testing for: animal 
models of the disease state of interest or in vitro assays generaUy accepted as 
correlating with in vivo efficacy. 
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Single polymer) to a single analyte molecule, wherein each polymer contributes to a 
detectable signal in a subsequent assay step. Targeting of the polymer conjugate to 
the analyte is leadUy provided, including for example by use of a linking L group 
that comprises an analyte binding group or by use of a hetero-polymer const^ct of 
the invention wherein at least one polymer on the construct provides analyte 
binding. Pxefened are multi-polymer-containing polymer conjugates of the 
invention, particularly those in which the polymer comprises a specific nucleoUde 
sequence as a repeating unit that is subsequenUy detected by hybridization to a 
labeled second oligonucleotide, wherein the label can be radioactive, fluorescent 
enzyme-linked, or the like as is known in the art. Alternatively, the functionally 
polymer can itself be derivatized to contain a detectable marker enzyme-link, or 
Other reporter group. 

General methods and principles for macromolecule purification, particularly 
protein purification, can be found, for example, in -Protein PurificaUon: Principles 
and Practice" (1987) by Scopes. 2nd ed.. Springer-Verlag. New York. NY. which 
IS incorporated herein by reference. 

Also provided herein are methods of systematically modifying the Stokes 
radius of an organic target macromolecule. including the steps of (a) obtaining a 
site-specifically-functionalized target macromolecule comprising a Hrst oxime- 
forrning group, (b) obtaining a series of functionalized organic polymers of the 
invention that differ from each other in the series in topology but not molecular 
we.ght(average) and that include a second oxime-forming group complementary 
leacuve to the frrst oxime-forming group on the target macromolecule. and then (c) 
conjugating the functionalized target macromolecule separately with each 
functionalized polymer via a chemoselective. site-specif.c oximaUon. preferably 
under mUd conditions as taught herein, to obtain a series of conjugated polymers 
nie steps (a) and (b) are performed in any order. If desired one can identify a 
change in Stokes.iadius for each conjugated polymer in the series, preferably by 
sae sq,aiation methods. The method can further include correlating the change in 
Stokes radius witii a change in a biological or physical property of interest of a 
target macromolecule. Alternatively, the method includes identifying a change in a 
biological or physical property of interest, e.g. pharmacokinetic behavior. 
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fonrnng group is -O-NHj «-«na oxune- 
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physiological pH, a decrease in the immune response generated by the native 
protein, an increased pharmacokinetic profile, an increased shelf-life, and an 
increased biological half-life. 

By systematically modifying the Stokes radius of a taiget macromolecule, 
particuUrly a phaimaceutically important protein as taught herein, one can in turn 
systematically impart changes in the pharmacokinetic behavior of the molecule, 
which will enable one to more readUy create and identify those conjugated 
molecules having enhanced or desired behavior or therapeutic efficiency. Thus, 
fiinctionalized polymers having different polymer topologies while keeping the 
molecular weight (average) constant are provided. For example, a famUy of 
fiinctionalized PEG polymen of simUarly weighted PEGs with differing topologies 
are provided such that the Stokes radius, and Uius pharmacokinetic behavior of a 
biologicaUy important target molecule, can be changed in predictable and 
reproducible ways. 

Kits are provided that contain a series of fiinctionalized polymers for 
attachment to a target of interest, wherein tiie series comprises polymer constructs 
of simUar molecular weight but varying in the number of polymers present in the 
construct. For example, a series can comprise constructs of a 40 kD MW(av) 
polymer, and multi-polymer-containing construct of two 20 kD MW(av) polymers, 
four 10 kD MW(av) polymers, and five 8 kD MW(av) polymers. 

The present process is advantageous because the attachment of polymer(s) 
to a target is predictable and selective. 

A fiirther advantage of the subject invention is that macromolecules. e.g. 
polypeptides, modified by the reagent compounds retain a greater degree of their 
biological activity than when the same target is modified to the same degree by 
joining water-soluble polymers by employing non-oxime and non-site-specific 
chemistries. Thus, the subject invention provides for modified targets that possess 
the advantages associated with the conjugation of water-soluble polymers whUe 
minimizing the loss of biological activity associated with the modification. 
Consequently, Uie targets that are more highly derivatized by the use of multi- 
polymer fiinctionalized polymers, and thus possessing the advantages associated with 
the higher degree of derivatization, can be produced that have tiie same level of 
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An additional advantage is that the site-specificity can be «r^- , , 
on the taiget macromolecule by use of the site . r f ' 
anrf Site-specific funcUonalization methods 

and linkers as provided by and as taught herein. 

As demonstrated herein, the complementary reactive eroun, .h » • 
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capable of fonning oxime linkages. Because of this flexibility and the absence of 
the need for reversible protection, the design of polymers and targets extends to 
both artificial and natund molecules and their derivatives. Polymer-conjugates can 
be designed to improve sohibility of peptides as weU as present peptides to receptors 
or anUbodies or the immune system of an animal in muIti-vaJent and/or constrained 
fonns. Polymer-conjugates formed from syntheUc or recombinant polymers and 
target macromolecules have the additional advantage of being vims free. 

Accordingly, preferably the functionalized polymers of the invention and 
the methods provided herein allow a polymer to be conjugated to polypeptide and 
protein derivative by a condensation reaction between an aldehyde and an amino- 
oxy compound. Most preferably the complementary reaction is between a aldehyde 
or ketone and an amino-oxy-acetyl. In aU cases an oxime bond is formed. 

The present invention provides ftirther in vitro use of polymers, such as 
PEG. A fiincUonalized polymer can be used to "tag" a target molecule and thus 
enable the molecule's subsequent detection and or quantitation in a number of ways. 
Most simply, the attached polymer allows one to perform a simple size separation 
that will separate the polymer tagged-target molecule from other molecules in a 
muture. For example, one can readUy foUow the modification of a target molecule 
for the production of desired functional sites as measured by the abUity to react with 
the reactive functional group on the functionalized polymer, which is in turn 
detected as the appearance of the polymer-tagged target. It is now readUy apparent 
that different physicochemical properties of organic polymers can be taken 
advantage of in this way simply by changing the polymer. For example, a sUghtly 
hydrophobic polymer would allow separation based on hydrophobicity. or one can 
use a polymer binding column that then selects for or against the polymer-conjugate 
as desired. In addition the polymer can chosen, or modified, so that it can be 
directly detected. This imparts the advantage that the polymer may contain multiple 
detectable sites (or repeating units), such that each site present in the polymer binds 
or is recognized by a detection system, thus resulting in the amplification of 
detection signal. Branched DNA ("bDNA") containing reagents exemplify the case 
wherein each polymer unit, in this case a specific nucleotide sequence or repeating 
sequence, is detected by specifically binding a second measurable reagent (Urdea 
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1994) BMechnotog, 12: «„28). For exa„p,e, i„ copper cal,z«, 

group could no. ^ „^ ^ 

^»«. «« .pp«.„ce Of .He reacUve ke,o group .a. e.U, 3««ed L 
«"pk. by sunple size sepanfcn in an SDS-PAGE 5,sttm. 

EXAMM P»; 

Mf TO-NH-ro-rH „ajm -,. fAoA-HH-PPr,., 

ned 1^ azeoToprc disOUadou. B, p,Hdta added and ,(,i„„„ e 

f-4,„. cooled « ,oo„ ,e„p^„,e. rd„red fro. PyHd.,e hydr^oH^ and l^ 

™ ««po,i,ed in vacuo. n,e residue was dissolved in CH,a d ^ 
K2C0, and fo^red. ^e r.„,e „as ,rea,ed .i. alu.ine 

To a solution of MPEGjkd-CI (4g. O.Smmol) in DMF cOmll s~.- 
-i* (Bn-nroO was added and ..e .U.,e was stirred . 120^0, ^^ : ' 
was cooled. fii.ered and .he DMF evaporated in vacuo The Z 

from Mhiene /hexane ; yield 3.6g (9o»). 

(0.38) «lded and the mixwre was hydrogenated in a low pressure h«. 

~over..ht:^ecatalystwasfd,eredandethano:::o^^^^^ 
P0lyn»r was ■«:r,s.aljized fn,m to Whexane; yield 3^ (16^ 

"^51cD-NH2 (Ig. 0.2mmol) and Boc-NH-OCHj-COOSu ra •>„ „ 
w» dissolved in .MSO (4.1), the apparent p„ adjusted Jg-^^^N ' 
..-hytaotphoune and the n,.tu„ st^ over night. ^^NH^ aey^ilon was 
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controUed by the quantitative ninhydrin procedure (Sarin et al. 1981 Anal. Biochera. 
117:147-157) on a lOul aUquot of the reaction mixture. The modified MPEG was 
then recovered by dilution with 5 volumes of water, foUowed by dialysis against 
water, dialysis and lyophilization. The Boc group was removed by dissolving the 
product in 10ml of TTA for Ihr at room temperature. TPA was removed under 
vacuo, the material was taken up in water, extensively dialyzed against water and 
fuially lyophilized; yield 0.93g (93%). 

The same procedure was used for the synthesis of AoA-NH-PEGjo kD 
A0A-NH-PEG20 kD f""" corresponding PEG-NH2. 

EXAMPLE ?. Functionali73tion of Mf.thnv Y Dolvethvl^n^ niycol: Svn>h»c.> »f 
l!Bi2::Q:£H2gOIffl-PEq-NHrn-rHo^NH o f AoA-NTT.PF.n.MW.A» a ..^ 

B0C-NH-O-CH2-COOSU (86mg. O.Bmmol) was dissolved in 1ml dry 
DMSO. added to a solution of Ig (50umol) of NH2-PEG20kD-NH2 in 4ml of the 
same solvent and the apparent pH adjusted to 8-9 with N-methylmorphoIine. The 
mixture was stincd at room temperature overnight and acylation controUed by the 
standard ninhydrin analysis. The solution was then dUuted with 5 volumes of 
distiUed water, extensively dialyzed against water and fmaUy lyophilized. The Boc 
group was cleaved and the material further worked up as described b Example 1 ; 
yield 0.9g (90%). Conjugation with this polymer leads to dimer, e.g. "dumbbeU" 
formation. 



EXAMPLE 3, FunctionaliTation of MPthnYY D olvethvlp.nP. niycol: Svnth>..;c nf 

MalUYa!snUJiyffiLiPEQ2lj^^ 
AoA"). 

To 2.0g (3.9mmol) of Z-Lys(Z)-OSu was added 4ml ethylene diamine 
(60mmol) and the mbcture stined for 2hr at room temperature, where Z is 
benzyloxy-carbonyl. The coupling reaction was quantitative as controUed by 
analytical HPLC on a C8 column using a linear gradient of 0-100% B over 50min 
(tR= 41.5min instead of 48.5 for Z-Lys(Z)-OSu). The coupling product was 
purified by flash chromatography on a silica column equilibrated in CKCl^/MtOH 
(9/l.v:v) and dried by rotary evaporation to yield 1.4 g material. The product had 
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the expected xnolecular weigh, as detennined by ESIMS (Calcd M+H. nUz 457 2 • 
found m/z 458.0). ' ' 

N.»«*ytao^^oUne. T»e „,„Uo„ .as sUn^ 5h a, room >„pe™„ 

"T"^ ™/z 630.2, found ^^ 630.9, 

■n» Z 8„,„p ^ a.,,^ ^^^.^ hydrogcnaUon. For .his pu™,. U„, 

^/.Tr " """" '*^°' «»"■ chToo^ 

"venugM. -R. ««,ys, was m,e,cd a^ ,he sol.c„, ^ / 

™= ^« ™ p„«-.«, o„ ^ _ CO.™ .a„ „ IsJ: ~ 

^^^0. ^ ^ ^^^^ ^ ^^^^ ^^y^ 

COOH. aid PEOiouj-COOH, a,Kl PEG 20KD.C00H 

»c-2 HO, P3 amoD was dissolved in 2ml of dry DMSO PEG, rno» ^ , 

:rr::r7r -^'^ ..o,, a„d .i™" .s-rr 

™ 5 v„,„„„ or diaiy^ a,ai„: ^'^^ 

mtered and applied on a nPAc c u ^ ^uucu water, 

ppuea on a DEAE Sephadex A25 column equUibiated in water Th. 
~..ase..i...,..,_,„,,,,_J-- 

for ihr ^""'""^ « >0-. Of TFA 
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taken up in water, extensively dialyzed against water and fuiaUy lyophilized (yield, 
300mg. 90%), to get the following derivative: PEGskD-LysCPEGji^-NH-CCHoh- 
NHCO-CH2-0-NH2- 

A comparable linker was obtained by acylaUon of the lysine derivative with 
PEG,Bu>-COOH, and PEGjaco-COOH. 

PXAMPLB 4. FuncrionabVation of Methny y polvethvlftnf. n\vcn]- Ry „,h^,;^ 
Multivalent Tinker A,,A.n y^(m:n^^j^))..nu 

Z-(Lys(Boc))5-OH was used as starting material. The peptide, once the 
Boc-group was removed, resolubilized in lOmM HCl. relyophilized and then was 
completely acylated with 2-fold excess of PEGshj-COOH in DMSO in the 
presence of HOBt and DCC. The reaction mixture was dUuted with distilled water, 
dialyzed and the soluble fraction further purified by ion exchange chromatography' 
on a DEAE-A25 an CM-C25 Sephadex column, and lyophilized. Tht Z-group was 
cleaved by a 2h HBr treatment and the product was then acylated with Boc-AoA- 
OSu. FinaUy, the AoA funcUon of the linker was deprotected by TFA treatment, 
nie extent of functionalization could be evaluated by determination of reactive 
aminooxy groups with TNBS at 495nm, and was found to be 80%. 

^mPlf- ^ FvnPtionMiration of Pextran- Svnthe^U nf n^ x tran .n.rv{ nun^ 

A unique reactive group was introduced in dextran (Mr(ay)9.3 kD and 
39kD) by modification of the reducing sugar by reducave aminaUdn. 

Dextran39jjD (^8. 25umol) was dissolved in anhydrous DMSO {4.5ml) 
with gentle heating (45'C) and aUowed to return to 25»C. Bhylene diamine (500ul, 
7.5mmol) and crushed 4-A molecular sieves (200mg) were added. The fiask was ' 
Hushed with Nj and then sealed and incubated for 24h at 37'C. NaBH4 (SOmg, 
2.1mmol) was added, the Oask flushed with N2 and the solution further incubated 
for 24h at 37«C. The viscous solution was then dUuted with 5 volumes of water, the 
pH adjusted to 5.0 by the addition of glacial acetic acid, extensively dialyzed 
against distiUed water and finally lyophilized to afford 800mg (80% recovery on the 
based on starting dextran). The yield of funcaonaiization was estimated from the 
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1^72, Methods Enzymol. 25B Afi^UAMV 

... . ^ ' • • ^^68). A comparable extent of end-eiouD 

modification was obtained for rf«.»»«„ ^ 

oer mol. , ^ ^<^''»^kD and dextranjpj^. (0.9 to 1.0 mole NH, 

-«.gh. « room «„,p.„^„. ^ „^ 

HIM wim waer, eiteimvdy dialyzed and fieea-dricd 
condiuons, most preferably nH n ^ n -.u 

-■He. ^ ^ „ _;-2::;. 

"q-e-eof p^^U,), ,0 ,o™ a sub,, oxtae bond. sL "I 

-^^..;on;:ro::2::: — 

■EXAMPr.K 6 SitR-Sp^^if;. x^^rlifir itj r i n ■ t.™,- .» • 

XiT-i-r- . ii. ^'r'ism or MH7-Tennina Pa .;^„p - f Pmfpin- 

_ the short fonn of IL-8 (72 residue- 

2-5 mg/ml) was oxidized with a lO foin , » I// residues, 

ox^on -„Hn. peHoda„ ^,,„, „ ^ rst; 
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Stopped by the addition of 2000 excess ethylene glycol over periodate and further 
incubated for 15min at room temperature, and the protein was finaUy dialyzed 
against a O.IM AcONa buffer. pH 4.6. Dialysis tubing was previously boiled in 1 % 
sodhim bicarbonate during 30min. Oxidation was confirmed by ESI-MS (calcd.. 
m/2 8351.3; found miz 8351.3±1.4). ITie oxidized protein was concentrated up to 
3-4rag/ml and was used in that form for.the site specific attachment of the 
ftinctionalized polymers to the N-teiminus of the protein backbone. 

.CaniuCTtipn wi^n thf potypirr. a lO-fold molar excess of a lOmM 
aqueous solution of polymer was added to the oxidized protein, the pH adjusted to 
3.6 with glacial acetic acid and incubated for 20 h at room temperature. As shown 
in Figure 1, SDS polyacrylamide gel electrophoresis clearly demonstrates that a 
homogenous conjugation product corresponding to the attachment of a single 
polymer chain is formed. The molecular weight of the conjugate is directly related 
to the size of the polymer used in the coupling reaction. 

The conjugaUon product was purified by ion exchange 
chromatography on a Pharmacia MonoS column equilibiated in 25mM AcONa 
buffer. pH 4.7 using a linear gradient from 0 to 2M NaCl over 20min foUowed by 
reverse phase HPLC on an analytical C8 column using a Unear gradient from 30 to 
65% B over 35 min (Figure 2). 

In vjtrp activity of conjupate^ . The biological activity of 11-8 
conjugates was determined by a human neutrophil chemotaxis assay using a Micro- 
Boyden chamber as already described (Ribaudo and Kreutzer (1985) in Pracdcal 
Methods and Clinical Immunology (Yoshida T. cd.). pp. 116-125. Churchill 
Livingston, Edinbuigh, U.K.). 

WhUe Ii-8 showed an EC„of 2 nM (concentration corresponding to 
50% of the maximal chemattractant activity). aU investigated PEG-derivatives " 
(PEG,^-, PEG,«,-. PEG««-, and (PEG:ou>):Lys-Il-8 and Il-8-PEG,»„-Il-8) were 
shown to have an activity of the same order of magnitude with an EC,o ranging 
between 3 and 10 nM. 

PhanngCQKinfttir dat^. 11-8 and its derivatives were iodinated under 
conditions, which have aheady been shown to retain full biological activity as 
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Briefly, approxunately 0.5mCi of Na-I was mixed in a tal 

«r n 8. -n* ^ of ,5 of 2,«^ dio^ni^ ^ 

''°''°'*'8»90-si„c„tado„ at 20'C, .he iodimion action ^" 
.-ma^, ^ aadi-ion of ,5 „ of 2™m sodium and 10 ^ ofTfvM 

P«-,» iodide, ^e .diodina-ed p„„to was sepa„.ed XZl,, 
-™^,......edi,.BSandp...3..a..ed.i.d„^^^^^^^ 

-ro'ltc—r*' — — --wasi. 

- W..a, ,10 ^ ,3n,ples of blood coUeced as described in 



PH3 W and (PEG^Lys-H-S |ive„ i„«ve„o.s,y ,o ,be nu a„ sbown in 
.8. 7 Conjugauon of a shgle 20kD PEG chain has abnost «, b,n^„ce on .he 
"I"^"""' c.„e. MOS, bnpo^n.,, .he d^bbeulT 
l*'fcO««),Lys-denvative considerably increase this aiea. 

A manual fit to these curves gives apparent first T,„ values of 

approxunately 10 min for II-8. 17 min. for PEG, II 8 • 1 

a . . . ' • *^^w2ou)-lI-«, 30 mm for H-8 PEG ti 

8and60min.for(PEG,o^),Lys-I1.8. " » raG«^-Il- 

No detectable differences were observed in the apparent second T 
-on. a. protein derivaUves. but whUe less th. I. of the inily oblL 
ndtoacuvity remained in circulation after 24 h for 11-8 6% «f • "^"^ 
present in case Of (PEC,.,^,3.U-8/ ' ''""^^ 

Application of the same methodology to the modification of G CSF 
^. as weU as seru,c m case of 11-8. the target for periodate oxidation. 
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■ EnzYmatic cleavRge of N-tennin^ i m.,u;r.^:^^ jhe methionine 
residue was specificaUy removed by enzymaUc digesUon with kidney microsomal 
aminqpeptidase (EC 3.4. 1 1.2). G-CSF was concentiated to 5mg/mL in a Tris 
50mM. 0.3% sodium lauiyl saicosinate. pH 8.0 buffer and then incubated with 
aminopeptidase (enzyme/substrate ratio. 1/20) for 20h at in the presence of 
lOmM MgCl2. 2.5mM PMSF and benzamidine. and 2mg/mL aprotinine. All these 
inhibitors were added to prevent any cleavage of the polypeptidic chain by any 
contaminating proteolytic enzyme present in the commercial aminopeptidase 
prqaration. Aminopeptidase was then inactivated by adding EDTA at a lOmM 
concentraUon and the solution dialyzed at 4«C versus Tris 20mM. pH 8.0 and 
against water and the material fmally purified by reversed phase HPLC on a 
250x10mm i.d. Nucleosil C8 column, using a flow rate of SmUmin and a linear 
gradient of 50-80% solvent B over 15min. The modified protein was characterized 
by ESI-MS. TTie ESI mass spectnim exhibited two series of multi-charged ions the 
major one concsponding to rf«-Met WcSF (calcd.. m/z 18820.8; found, m'/z 
18821.7±2.1) and the minor one to Met^-rh-G-CSF ( calcd., m/z 18951 9 found 
m/z 18956.1 ±5.5). 

.Oxidation of r/rv-Met^-G-rSF The lyophilized material was 
dissolved in a O.IM sodium phosphate buffer. pH 6.5 at 5mg/ml in the presence of 
6M guanidine chloride, and oxidation performed with a 5-foId excess of periodate 
over the polypeptide. After lOmin of incubation at room temperature in the dark, 
umeacted periodate was destroyed with a 1000-fold excess of ethylene glycol 
Oxidation was confirmed by ESI-MS (calcd.. m/z 18775.3; found, m/z 
18777.9±2.7). 

Conjugation of thf> polyrprr A 5.fold excess of AoA-NH-PEG was 
added to the reaction mixture. dUuted with 5 volumes of 0. IM AcONa buffer pH4 6 
containing 6M guanidine chloride and concentrated to one volume on a Centricon 
mK^roconcentrator. DUution and concemration was repeated a second time The pH 
was then adjusted to 3.6 and a second 5-foId excess of AoA-NH-PEG added and 
the solution incubated 24h at room temperature. The soluUon was dialyzed against a 
20mM sodium phosphate buffer pH 7.0 to discard the guanidine chloride and the 
conjugation product isolated by HPLC on a C8 column. As shown m Figure 3 
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both PEGcu, and PEG n rcc ^ . 

case oT^^'ZTT '^"'^ " » 

F "iMnoi, pH 7.4 over 15 mm. foUowed bv a o-i m.v r 
»«• a flow ™, „ 0.«„„„,. * " ">«P^=. M.OH PH 7... 



mow , ''^ conjugaUon of functionalized PEG of diff 

molecular we ghts Th*. . ^ ^ °^ aifferent 

'Jl'^T'" """^ "'"•'^ acid 
uucQ 10 a nnal concentration of 2mM and n 11U • . 

''^ <^'«««<^ri«db7^Tw^^ Appearance of the reacuve keto group 

polymer was added o lt! ^ ^^'^^'^ — of 

acid, and the Jell . "^"^ ^''^ ^'^^ '° -i'h aceUc 
PEG „T "^"''^'"•''^''^'-omtempen.tu... PEG IM„ 

PEG^I-l^ were thus constructed as confumed in Figu« 4 

^"P'^'^^^'^onjugateswert^ purified by hvdronhnh- • 

J iwYiax Horoblasts (Arend et al. flQQO^ j ri.n t- „ 

ai. iiyyu; J. Chn. Invest. 85:1694-1699). 
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This bioassay aUowed the evaluation of the biological activity of modified Il-lra. by 
using a 1000-fold excess concentration of D-lra or its conjugate over II-l/S to study 
the inhibition of the U-W induced biological response. Table 1 presents the results 
of one such initial assay. TTie PEG^-des(MRP)n-lia form Usted in Table 1 is that 
derived by enzymaUc cleavage and periodate oxidation as discussed in Example 9 
below. 



" ^ 

Table I. /„ vitro capacity of Il-lra and PEGj^-conjugates to inhibit IL-lj8 induced 
PGj production (ng/mL) in two fibroblast ceU lines. 

Dermal fibrcbhists 
Culture medium 325 ± 85 239 ± 30 

Buffer without protein 317 ± 69 276 ± 67 

8.6 ± 3 (100%) 

21.8 ±6 (96%) 
PEG^-IL-lra(tr) 219 ± 37 (32%) 98 ± 16 ^682) 

PEG^-des(MBP)Il-lra _ 48 ± 14 (84%) 



< 4.8 (100%) 

< 4.8 (100%) 



SV"?^ means ±S.p. (n-3). The figures in brackets give a nominal value for 
the % biological activity of the derivative concerned, even though this.iniUal assay was 



As shown in Figures 5A, 5B. and 5C (dose-response curves), the 11-1/3 effect was 
inhibited in a dose-responsive manner by all conjugates, and an IC„ value 
(concentration necessary to block 50% of 11-10 response) was approximately 
determined: the values were approx. 13, 10 and 9 ng/mL for PEG,u,-Il.lra (Figure 
5A), PEG,ou,-Il-lia (Figure 5B), and PEG,ou,-IHra (Figure 5C), respectively. 
Conjugates were pnipared by transamination method. The IC„ value for authentic 
Il-lra was found to be about 6 ng/mL. TTie necessary ratio of Il-lra to 11-1/5 which 
can be deduced from these results, though higher with the PEG derivatives than 
with the native protein, remains in all cases in the range 10 to 500, the range 
described in the literature for Il-lra (also designated as the pharmaceutical Antril by 
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mIX;^! line. (A™^ « 31., ,990. J. CLi,. 

Eblniucfeu^ Anuil and iud«i,aUv« were labdedbvu-e 

w«. added 500 .a Na, and 30 „ of a : . / 
in U,e ^e buffer as ta. for ^ ^ 
after 90s by .he addition of 30 „ of a 5 % ,Wv) «xnn„ „^i,„^ 

'■'Panued f„m free a Of 5 colun,n (Pie^) equili^ed in PBS ,„d 

•n» ^mc nd,oacUvi.y ,hus obBined was in 0,e range of 10O-30O .Ci/m« 
protein. » 

Female Wisar ms obuined from Iffa-Credo (L'Arbresle Francel 
™ih«, berween 150. and .00,. were nsed. Approximate,, 50 of 4^';d 
^ ^ inject, as a boius in .ail ve. and samples of Z 
*e U- « seieaed rimes (as near as possible » 3. 10. 30 min. 1. 3. 7 and ..b, 
^^Ples were wei.b. ,„ de,e,m.e .beir e«c. volome. a™, .beir radioaii., 
-^red. The curves of re,a,i,e blood levels for Il-lra, m=^.,,„a and 

M «n be denved from .he figures, .he appa™, firs, T. of An.ril (see .b. soUd 
^ very sbor.. and .be appare™ second T,. .bon,b m„b h, ,er I ^ 
^ .»ve as su™,, an influence on .he area u^ler d. pharmac! Jo 11 
2 -n in .bes. preliminary experiment, ^ ^ 

fcr AnM. Tt^ apparen. f.,s, T„ value for bod, .be derivaUves were si.n-r , 
^»l«U,«U,a.,or.beu„m.ir,edpro.=...manu.,r.„:::X^^^^ 

r"ini'7r°'~''^"^'"~"--.""-"or 

*'^<Jiou)-Il-lra, and 20 mm. for PEG«o-n-lra. 
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No detectable differences were observed in the apparent second T« 
amongst all three proteins, and in aU animals less than 2% of the initially observed 
radioactivity remained in circulation after 24h. 

It is clear from the results presented herein that by increasing the 
polymer mass, either by increasing its length or. as discussed above, by adding 
multiple copies of the polymer at one site (via the multi-linker format) one can" 
increase the circulating half-life of a conjugate while not causing a deleterious effect 
in lU activity. This result of the site-specific modification methods and reagents of 
the present invention sharply contrast results often seen using methods in which the 
target molecule is randomly labeUed with polymer, such as at lysine residues. 
Unlike with previous technologies, using the reagents and methods of the invention 
one would expect a further increase of T, without an excessively severe additional ' 
decrease in specific biological activity. For example, adding a 40 kD polymer to 
Antril (either directly or as obtained using smaller but linked polymers) would 
produce a further increase in the apparent fir^t T„ without a sudden, crippling loss 
of specific biological activity. Indeed, using the methods of the invention, the trend 
of specific biological activity as a fimction of H of the added PEG was observed to 
be in the other direction (compare Figures 5A, 5B and 5C). Moreover, as 
presented herein, the use of a multi-linker can achieve simUar effects as those 
observed for a single, linear polymer of molecular weight unexpectedly greater than 
that of the multi-linker. For example, when two PEG chains were put on a multi- 
linker and placed site-specifically at the N-terminus of 11-8. the resulting derivative 
PEGj^u,-II-8 had a gel-electrophoretic behavior almost equivalent to that for a 
derivative with an apparent molecular radius corresponding to the addition of a 
20kD PEG chain (see Figure 1). 

EXAMPI.F. 9 Sir p -Specifir Modifintinn anH ro.;.^ ..:.„ , Trnminj 

gesidMe of a Protein; Modification bv Enzvn,.>;. ru , vaae/Pi>.rinH.y , 
Coniiigatinn of n.-^-r^ 

E nzymatic cleavage of Met-Ar»-Pro and nP.rinri^ ^>. 
Removal of the three N-terminal residues to reveal the serine can also be considered 
for tite conjugation of the fiinctionalized polymers according to the methodolo-y 
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cnzyme/substiate ratio Of 1/10 n,.. . • "wjuian 

rauo or 1/10. TTie protein was then isolated bv eel filt^t;^ 
BioSeD-SecS-2nnn uk- «"miou oy gei tutration on the 

P-SecS 2000 Phenomenex column znd a aliquot purified by HPLC for 
haracterization by ESI-MS. ^ series of consecuuL peaksl^„ " 
d^fcnt analogues could be identified: the .ajo. one a^S^^Z 
conesponding to the expected product desma-ArMl . . 
16872 inv»nH. ^"^^ '^S-Promra (calculated value. 

*oo /z. 1 D), and two minor ones, one (1 6785 1 + 1 i 

rf«flvlet.A~ p„> c NT., "^^''''^^•^±l-5D)conBq)ondingtothe 
«fMet Arg-Pro-Ser)II-lra analogue (calculated value 16785 0 m ,nH .k u 
(17125.9+2 1 n-i io/»o.u D), and the other 

' concesponduig to ./«-MetIL-lra (calculated value 17126 4 

NO trace of the native protein (17257.6 D) could be detected Z 
«w«ieiilwiihiheon«™~.r These resylB arc 

conju^l C : ' "^-^ P«'y- 

la ™ ' ■ " 



i-^^. I^'^pel' r ""^ " " « 

TTie in vitio acUvitv of 
conjugate PEG,ou,-des(MRP«i i « • ^ of representative 

20U, aes(MRP)ii.ini is presented in Table 1 above. 

Multiv^lP^nt^rT^:;^^ , ' '^'''^"^VPn'V'''hv lr..i G lygaUynthesii 



1 
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This mulUvalent linker is comparable to that described in Example 3. 
and was obtained by acylation of Tris-(2-anunoethyl)amine with one equivalent of ' 
Boc-NH-0-CH„-CONSu in DMSO. Tht monosubstituted derivaUve was isolated 
by HPLC. characterized by.ESlMS (calcd. M+H, m/z 319.4. found m/z 320.6). 
The material was solubilized in lOmM HCl and lyophilized. and forther acylated 
with PEG,a-COOH (1.2 molar excess over remaining amino groups) in DMF, in 
the presence of equimohr amounts of hydoxybenzotriazole and DCC. The solution 
was stirred overnight at room temperature and the fiiUy acylated derivative was 
purified after extensive dialysis against distilled water by ion exchange 
chromatography on DEAE-A25 and CMC-25 and finally deprotected by treatment to 
get the foUowing derivative: 

(CHj)2-NH.C0-PEG 
I 

HjN-0-CH,-CONH-(CHj),-N 

I 

(CHj),.NH-CO-PEG 
Conjugation to oxidized H-S was carried out under the same condiUons than used 
for the linear PEG polymer, and the resulting derivative isolated according to the 
same procedure, as shown in Figure 1. 

gCAMPLR 1 1 -One-Pof Modification anri ron; .. aation R.^r.inn, 

As demonstrated in the above reactions, side reacUons during oxime 
formation were not a problem. For example, compare lanes 1 and 2 of Figure 3. 
However, "one-pot" reacUons would nevertheless be desirable in order to minimize 
handling, and thus yields, contamination, equipment, time. etc.. as weU as provide 
for more reproducibility and uniformity amongst reactions, decrease labor time and 
costs, and facilitate development of larger scale and commercial production, as weU 
as simplify use if diagnostic methods or kits. IL-8 was mixed at the same time with 
both periodate and an aminooxy compound (N--AminooxyacetyI, N'LC-biotinyl- 
lysine), and after an appropriate reaction period, witii no work-up whatsoever, the 
wanted product- IL-8 specifically biotinylated at its N-terminus-was identified. 
SuT,risingly. tiie reaction progressed at pHs 8, 6.5 and 4.6. At 6.5 the generation 
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^, for ^ ' 7' 

coix^^ ^^rr'- " 

"nmediately. with mixing, by 17^1 of a lOmM 

eluted at the known ~,cv r . PnaseHPLC. The only substantial peak 

at the known pos«.on of the wanted blotinyHl-8 derivative n, J. 
a large scale reaction when isolated gave the ex.L °' 
3--et. CcalCated ™. SS.^ ^ -ect.sp.y .^ss 

• -N-hyd..y::rr::^^^^^^^^^^^ 

the Pierce Chemical Co.p);^^^o™ ^^^^^ ^ 
process as foUows Fir.t ^ ! ^°^-A°A)Lysine was made by a two step 

"ifluoroacayi.Lysine ^ obtained by adding to 371 m. of M « 

lysine (NovaBiochem 4448 I^efeir 7 ^ N-e-tnfluoroacetyl- 

DMSO was added T'Zns "^"'^ ^ ' "'^ 

«™«», a suspension in 1 mL of DMSO nf «:-7< 

ky*o,y„oci„i„„, Of aninoc^ccUc ' 
.taostiiTO,e<lUttlyupona<Iiusln,«n,,„ u. »«l>a>SKm clarified 
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overnight at room temperature. Subsequent thin-layer chromatography (Vilaseca et 
oL (1993) Biocoryugoie Chem. ^:515-520) of a smail sample showed that little or 
no ninhydrin-positive material remained. Residual hydroxysuccinimide ester in the 
reaction mixture was destroyed by dUuUon with an equal volume of water and 
incubation at 37-C for 1 hour. Th, mixture was then ftirther diluted with 32 mL 
water, cooled to O'C. and brought to an apparent pH of 3.0 (glass electrode) with 
aceuc acid. The solution was then divided in two, and each half placed on a 
Chxomabond 1000 mg (Machery-Nagel. Duren. 52348. Germany) equilibrated with 
0.1 % aqueous TFA. Each Chromabond was then washed with 20 mL of the same 
solution, and eluted with 4 mL of a mbchire of 0.1 % TFAracctonitrile. 4:6 (v/v). 
Acetonitrile was removed from the eluates in a current of fUtered air. and the 
remaining Uquid removed by vacuum centrifugation. Second, the trifluoroacetyl 
group was removed from the e-amine of the lysine by addmg 3 mL of water to each 
of the dried down eluates, cooling to O'C. then adding 330 ^L of piperidine. n,e 
mature was maintained in an ice bath with occasional agitaUon for 3 h. n,e 
reaction was stopped by the careful addition of 500 mL of glacial acetic acid, and 
solutions could be stored frozen at this point. To conUnuc the procedure, each 
mature was dUuted to 10 mL with water and the pH adjusted with acetic acid to pH 
3.0 (glass electrode) if necessary. n,e matures were appUed to two Chromabonds 
as before, except that (a) elution of the wanted fracUon was carried out with 4 mL 
of a mixture of 0.1% TPAracetonitrUe. 7:3 (v/v) and (b) for each Chromabond the 
material passing through unchecked was pooled with the subsequent 20 mL wash 
fraaion and passed a second time over the same Chromabond- after re-equilibration 
For each Chromabond. the two eluates were pooled and dried down to give approx 
40 mg each of the desired product N-a-tertButyloxycarbonylaminooxyacetyl-Lysine. 

The AoA-LC biotinyl Lysine was made by fint dissolvmg 15.3 mg of 
the N-(BOC-AoA)Lysine in 478 ^1 of DMSO and adding 5;.l N-ethylmorpholine 
To th,s were added 53.2 mg of the biotin compound N-hydroxysuccinimido ester of 
LC (long chain) biotin dissolved in 478 DMSO. If either component was 
reluctant to dissolve before mbdng, all went uito solution aftenvards. After 18 
hours at room temperature any excess active ester was destroyed by adding 956 ^1 
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TZ Z -ic acid 

"I*-«<i in 0.1% WA, d,e ca«ndg. washed „i,h 20 L 0 

CH3oi/n ... ' P"=1"« was diluted wiu, 4nU of 

CH3CN/0.1%„lFA(2:3v/v)a„ddrteddo.„. Yi.,d„„238™, 

^««d!ut ^' -^S^iona^ ■ „, J ' 

-J««d „ a um= on C8 analytical colu™ fccribed ab<». T»e coU,™ h . 

i«n c„iu^ abjrrr 

brouffht tndnoL ' .l ^ '^^"oea aoove, and this was 

et al. 0984) j p«i«™ o r,. i^f/, Hams M.M. 

Kivw) J. Polym. Sci. Polym. Chem. Ed 22 34n th,. »ih-k ^- ^ 

^ ^EG-NH, with carboxy (bcn2aIdehyde)0Su PEG NW m 

g-m. 50 ,.01) and carbo.y (benzaldehyde)OSu (62 n,. 250 Vn 
wDMS0(4nil) theanmr^n. ^ ^ ^° '""°') *ere dissolved 

J , ^ <'«tUIcd water 

extensively dialyzed.against water and finally lyophUized. 

Another approach to modify G-CSF «!fi. c«.vr .. 
Cys" with a linker bearin. the AoA fi I ''^ alJcylaUon of 

t>eann. the AoA functm u, oxder to place a reactive AoA at 
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this position. In the case of G-CSF there was only a single Cys residue. For this 
purpose was used the linker compound 

Boc-NH-0-CH,-COHN.(CH:),-NH-CO-CH,-Br 
The Boo group was removed and the linker rapidly added at a 20mM concentraUon 
to rh-G-CSF solubilized in a O.IM phosphate buffer (Na). pH 7.0, 5mN EDTA and 
6M GuHCl. After 30 min. incubation, the solution was acidified. The alkylated G- 
CSF was purified by reverse phase HPLC and characterized by mass spectrometry 
(calcd. m/z 18971.8, found, ra/z 18978.2 +7.8). The protein was U.en resolubilized 
in acetate buffer (O.IM Na), pH 4.6 containing 6M GnHCl and reacted with a PEG- 
CHO (from Example 12 above). The extent of polymer conjugation was 
comparable to that obtained in the two-step coupling at the N-terminus described in 
the previous example. If the alkylation with the preceding linker is performed at 
higher pH values (e.g. pH 8.0, pH 9.0) histidine and methionine residues will also 
be modified. 

EXAMPLE H, Site-Snecific Modificatinn a nd Coni i.catir. n of a Pr^f^in- 
Modincation and Cir>n}uf. ^t\on of rh-G-TSP , 

A small bivalent tag, containing a group reactive with a 
fiinctionalized polymer of the invention, can be added to the protein in a large 
excess and will therefore react rapidly with the created glyoxylyl function in the 
protein. In a second step the functionaUzed polymer is added to achieve conjugation 
to the protein via the tag. This two-step approach is useful, for example, when one 
wishes to avoid or minimizes both steric problems and those that might be caused 
by side reactions. A iUustrative small, bivalem tag is a bisaminooxy tag. H,N-0- 
CH,CO-Lys(CO-CH,-0-NHJ was synthesized by the attachment of Boc-AoA-ONSu 
to Lys-OMe, foUowed by NaOH treatment and TFA deprotection (calcd. M+H, 
293:1; found M+H 293.9). To complement an AoA group on the protein, a 
fiinctionalized polymer having a reactive carbonyl group was used for conjugaUon. 
PEG-NH, was reacted with carboxy-(benzaldehyde)-ONSu to give a polymer with 
the required aldehydic function for reaction with the AoA-tagged G-CSF, yielding 
the final product: 

PEG.ra-CO-(yi,-CH=N-O-CH,-C0-LysCO-CH,-0-N=CH-C0-Je5Met'mG-CSF 
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•nisC2-anunoethyl)amme. used in Example 10. was acylated with 3 
rtL?"'^"°"°'''°°'" ^ ~ derivative 

n^z 665.3). T.e material was deprotected by Ih IPA treatment and IPA removed 

"acted u. a 15 molar excess (to avoid crosslinking) with oxidized 11-8 in 0 IM 
«.Na pH 3.6. The conjugaUon product (bearing two free AoA groups) was 

.'™''""i''»""»>»'«="<'wi*PEG-CHO>„ytelda»<^p„„„„ 
™«l .tenvauve, i... . W-pol,me«o„Bi„i„s func,ionaIiz«l polymer. 

Other molliann, U. mM.pc\ymfz,maim,e tocUonaUzed 
polymer. can be con3«.«ed, especially if a„ aim of the polymer 

-J^atton U to decrease imm„„oge«y „r pr^ein. .^eed, a W„r 

^*«med hy ^ , ^^^^^ peptMle li^ 

H,N-0-CH,-CO-X-(Lys(Ser))n 

P^me^a^^medaho. — P« - - ^-ced he..ee„ 

'°'«"°''"»=«°".*=^=rtne residues 6f me mtroduced linker a« 
reacted as descHbed i„ precedes samples, with JT. 
S-ncUonaU^ polymers, ,o eovalendy ^ „ „„„^ ^^^^ 

«.h«em mecpo™., ^.„„„ „ 
incorporated by reference. 
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The invention now being fully described, it will be apparent to one of 
ordinary skill in the ait that many changes and modifications can be made thereto 
without departing from the spirit or scope of the appended claims. 



0 
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1. 



'^«'""i<»»>i^ polymer, co,.pmi„sa„„rg;^,p„„„„^ 
"»*«d 10 an antaoox, Kdme-fonning group. 

2. -no faocfionaltal polymer of Chin ,. 
atachedlotwoami«H>xypoups. 

^ IV f«,«ioH3U«d polymer of Claim 4, .torn to water soluble polymer i. 

,tT- ' " -MccUute, caAoxyme«.yl ceU„l«e 

defines. MroyUce. of «arc.. polyaUdyeue g„col, .epL, ^2T^ 
polyvinyl alcoHol, polyvinyl e«,„ .^„, po,,vi„,lp, JH^"' 
(2-l.,<..o„e,b,l>X.L^„,,,, PO-yoxy^hyla-e. poly... an. polynJcl^' 

^l^onaazed polymer of Claim 5, „.ere. ^ ^^^^ , 
«l«ed from a« p„„p ^^^^ ^^^^ ^^^^ e 

polyalklycne glycol, polyerhyta, g,,^, ^.^^ ' 
polypropylene glycc,. homopolymers, and copolymers of e.hyl«„ 

substituted at one end with an alkyl group. 

7. The fiincUonalized polymer of Claim 7 wherein fh^ ««i 

elvcol ^>pr^ * Polymer « polyethylene 

glycol (PEG) or methoxypolyethylene glycol (mPEG) 7 / ne 
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8. TTie fiinctionalized polymer of Claim 5. wherein the polyoxyethylated polyol 
is selected from the group consisting of polyoxyethylated sorbitol, polyoxyethylated 
glucose, and polyoxyethylated glycerol. 

9. The fiincUonalized polymer of Claim 1, wherein the polymer has a molecular 
weight average of about 200 to 200,000. 

10. The fiinctionalized polymer of Claim 9. wherein the polymer has a molecular 
weight average of about 400 to 50,000. 

11. The fiinctionalized polymer of Claim 1 0, wherein the polymer has a 
molecular weight average of about 2000 to 40,000. 

12. nie fiinctionalized polymer of Claim 5, wherein the molecular weight 
average of dexttan or its derivatives is 10,000 to 500,000. 

13. The fiincUonalized polymer of Claim 5, wherein the polymer has the formula 
Rl-0(R2-0)nR2-R3 

where n is an integer between 5 and 2.000, R2 is a lower alkyl group which is 
straight, branched, disubsUtuted, or unsubstituted, and (a) one of Rl and R3 
comprises an amino-oxy oxime-forming group and the other of Rl and R3 is 
hydrogen. .CH3, or a protective group, or (b) both Rl and R3 comprise an amino- 
oxy oxime-forming group, and where either or both of Rl and R3 optionally 
comprise a spacer group. 

14. TT,e fiinctionalized polymer of Claim 13, wherein the protective group is an 
aUcyl group. 

15. TTie fiinctionalized polymer of Claim 14, wherein the protective group has 
between I and 10 carbons. 
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fonniug group comprises -X-O-NH »h«,i. v ■ <«yoMnie- 
CHOBi... u ^""'""""^'^ STOP comprisins-NH- 

Ca<>R4- and R4 is a,uch=d .o -ONH. >^ is a s„bsd.„w 

19- UK teUoMU^ed polymer of Chim 18. wherein R4 is -cm.. 

OW. X-C(R)0. where^ P is ,he orgaMc polymer, n, b », i„,eger f„„ 2 „ 

any l„*ed, Md wherem U„. valency of L is at least m+1. 

OlOH t .!17'°T °' """"^ ™ -CH.- or - 

^OH- in the fomula (P)mL-X-0-NI^. 

.^Cri"""":^ po„.er Of CM. 21. wherein X comprises -CO-CH,- or 
NH-CO-CH,- ui the fonnula (PJmL-X-O-NH,. 

23. "nie fiincUonalized polymer of Claim 20 wherein • 

or -PHfjH • . ^ X compnses -CH,-. -CO- 

or CHOH- in the fonnula (P)mL-X-C(R)0. ' 
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25. The fonctionalized polymer of Claim 24. wherein R5 is selected from the 
group consisting of phenyl or Ci-C„ alkylene moieties, C.-C.o alkyl groups, or a 
combination thereof, an amino acid peptide, an oligonucleotide, an oligosaccharide, 
a lipid chain or a combination thereof, and may contain heteroatoms. 

26. The fimcUonalized polymer of Claim 24, wherein R5 is -CH2-CH2-. 

27. A method of systematicaUy modifying the Stokes radius of an organic target 
macromolecule, comprising the steps of 

(a) obtaining a site-specifically-fiincUonalized target macromolecule 
comprising a first oxime-forming group, 

(b) obtaining a series of fimctionalized organic polymers differing 
from each other in the series in topology but not molecular weight(average) 
comprising a second oxime-forming group complementary reacUve to the first 
oxime-foiming group, and then 

(c) conjugating the fimctionalized target macromolecule separately 
with each fimctionalized polymer via oximation to obtain a series of conjugated 
polymers, wherein steps (a) and (b) are performed in any order. 

28. The method of Claim 27, which ftiither comprises the step of 

(d) identifying a change in a biological or physical property of a 
conjugated polymer of step (c), 

29. The method of Claim 27, wherein the second oxime-forming group comprise 
-0-NH,. 
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